A Study of the Eastern Oyster, Crassostrea virginica, in Tampa Bay: Effects of Perkinsus marinus on Reproduction and Condition by Mccrickard, Bridgit Melora
University of South Florida
Scholar Commons
Graduate Theses and Dissertations Graduate School
January 2012
A Study of the Eastern Oyster, Crassostrea virginica,
in Tampa Bay: Effects of Perkinsus marinus on
Reproduction and Condition
Bridgit Melora Mccrickard
University of South Florida, MeloraUGA@gmail.com
Follow this and additional works at: http://scholarcommons.usf.edu/etd
Part of the American Studies Commons, Biology Commons, Other Animal Sciences Commons,
and the Other Oceanography and Atmospheric Sciences and Meteorology Commons
This Thesis is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in Graduate
Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact scholarcommons@usf.edu.
Scholar Commons Citation
Mccrickard, Bridgit Melora, "A Study of the Eastern Oyster, Crassostrea virginica, in Tampa Bay: Effects of Perkinsus marinus on
Reproduction and Condition" (2012). Graduate Theses and Dissertations.
http://scholarcommons.usf.edu/etd/4152
  
 
 
 
 
 
 
A Study of the Eastern Oyster, Crassostrea virginica, in Tampa Bay:  
 
Effects of Perkinsus marinus on Reproduction and Condition 
 
 
 
by 
 
 
 
Bridgit M. McCrickard 
 
 
 
 
 
A thesis submitted in partial fulfillment  
of the requirements for the degree of  
Master of Science  
College of Marine Science  
University of South Florida 
 
 
 
Co-Major Professor: Norman J. Blake, Ph.D. 
Co-Major Professor: Pamela Hallock Muller, Ph.D. 
Bruce J. Barber, Ph.D. 
 
 
Date of Approval: 
June 22, 2012 
 
 
 
Keywords: Disease, Pathogen, Dermo, MSX, Histology 
 
Copyright © 2012, Bridgit M. McCrickard 
  
 
 
 
 
DEDICATION 
 
 
To my mother, you have been so many things to me: my counselor, my 
conscience, my role model, and, most importantly, my best friend.  Thank you for never 
letting me lose hope in my dreams or faith in myself and reminding me that nothing 
worth having is ever easy.
  
 
 
ACKNOWLEDGMENTS 
I would like to express my gratitude and appreciation to Dr. Norman Blake for his 
knowledge and guidance.  His advice and constant challenges have allowed me to grow 
as an adult and a scientist.  I would also like to thank Dr. Pamela Hallock Muller whose 
support and willingness to help me understand statistics were essential in the completion 
of this project.  Finally, I would like to thank Dr. Bruce Barber for his ability to listen to 
any problem and provide a wide range of solutions. 
Special thanks to Noland Elsaesser for his help in scouting oyster sites and 
teaching me the art of histology.  Thanks to Ian Dow for his unbreakable loyalty in 
accompanying me on collection days and providing much needed reprieves from lab 
work.  These individuals were never far from me and always willing to help out. 
I would like to acknowledge Noretta Perry, Yvonne Waters, and others in the 
histology lab of the Fish and Wildlife Research Institute for their willingness to share lab 
space and expertise with me.  I would also like to acknowledge the Molluscan Fisheries 
lab for their willingness to include me in their reproductive phase debates, thereby 
strengthening my knowledge and expertise. 
I would also like to thank my family and friends for their ability to believe in me 
and keep me going.  I would never have been able to finish this project without your love 
and support.
i 
 
 
 
 
 
TABLE OF CONTENTS 
 
LIST OF TABLES……………………………………………………………….....……iii 
LIST OF FIGURES..................………………………………………………………..….v 
ABSTRACT…...…………...…………………………………………………..…….....viii 
INTRODUCTION………………………………………………………………………...1 
OBJECTIVES OF STUDY………...……………………………………………………..5 
METHODS………………………………………………………………………………..5 
 Collection………………………...………………………………………………..5 
 Condition Index………………...…………………………………………………7 
 Perkinsus marinus (Dermo)…………….…………………………………………9 
 Haplosporidium nelsoni (MSX)………………….…...…………………..……..11 
 Reproduction……………………………………………………………………..11 
 Statistical Analayses……………….…………………………………………….14 
  ANOVA……………………………………………………..…………….15 
  Multi-Dimensional Scaling (MDS)…….........………….………………..15 
RESULTS………………………………………………….…………………………….16 
 Environmental Parameters………...………………………………………….….16 
 Shell Height and Condition Index……………………………………...………..17 
 Perkinsus marinus (Dermo)……………………………………………………...24 
 Haplosporidium nelsoni (MSX)…………..……………………………………..29 
 Reproduction……………………….………………………………………….…29 
ii 
 
 Comparisons and Statistical Analyses…………………………………….……..39 
DISCUSSION……………………………………...…………………………………….45 
 Summary of Hypotheses.……………………………………………………...…53 
CONCLUSIONS…………………………………………………………………….…..55 
LITERATURE CITED…………………………………………………………………..56 
APPENDICES……………………………………….…………………………………..65 
 Appendix A: HSD-Tukey Tests………………………………………………….66 
 Appendix B: Site Data for all Parameters…………………….………………….68 
 
 
 
 
 
 
 
 
iii 
 
 
 
LIST OF TABLES 
Table 1: Locations (by latitude and longitude) of the five study sites..…….7 
 
Table 2: Semi-quantative scale of infection intensity for Perkinsus marinus, 
modified from Craig et al. (1989)……………………..…………11 
 
Table 3: Crassostrea virginica specimens were examined for sex, using 
these four categories.  Each category was designated 0-3 for 
analysis purposes…………………………….…………………..12 
 
Table 4: Phase criteria for reproduction; modified scale from Kim et al. 
(2006)…………………………………...………………………..13 
 
Table 5: Oyster shell height data for each site presented by month with 
overall totals…………………...…………………………………19 
 
Table 6: Single factor ANOVA results for all shell height data from 
February 2006 to January 2007.……………………….…………20 
 
Table 7: Condition Index data for each site presented by month with overall 
totals…...…………………………………………………………23 
 
Table 8: Single factor ANOVA results for all Condition Index data from 
February 2006 to January 2007…………………….…………….24 
 
Table 9: Dermo intensity data for each site presented by month with overall 
totals…………………………………………...…………………27 
 
Table 10: Kruskal-Wallis H Test results for all Dermo intensity data during 
February 2006 to January 2007……….………………………….27 
 
Table 11: Dermo prevalence for each site presented by month; highest 
(100%) and lowest (10%) prevalences are shaded………………28 
 
Table 12: Reproductive phase data for each site presented by month with 
overall totals…………………………..………………………….30 
 
Table 13: Kruskal Wallis H Test results for all reproductive phase data from 
February 2006 to January 2007……………………………..……31 
 
iv 
 
Table 14: Egg diameter data for each site presented by month with overall 
totals; * denotes months when less than 50 eggs were observed per 
sample.………………………………………...…………………38 
 
Table 15: Regression data for median Condition Index and Dermo intensity 
for all sites………………………………………...………..…….41 
 
Table 16: Regression data for median Condition Index and Dermo 
prevalence for all sites…….……………………………………..42 
 
Table 17: Summary of site interactions, ranks for each parameter, and overall 
median data for each parameter for each site; (L) Shell height 
(mm), (CI) Condition Index, (DI) Dermo Intensity, (DP) Dermo 
Prevalence (%), (R) Reproductive Phase, (ED) Egg Diameter 
(µm)…………………………………..………………………….48 
 
Table 18: Comparison of previous studies from Tampa Bay or the 
surrounding area with relevant historical Perkinsus marinus 
(Dermo) data; * denotes natural reef data as compared to all habitat 
data from Drexler (2011)...………………………………………50 
 
Table A1: Tukey’s HSD post-hoc analysis test for shell height data for each 
site by month……………………………………………………..66 
 
Table A2: Tukey’s HSD post-hoc analysis test for Condition Index data for 
each site by month………………………………………...……..67 
 
Table B1: Alafia Site Data for Shell Height, Condition Index (CI), Dermo 
Intensity (DI), Sex, Reproductive Phase, and mean Egg Diameter 
(ED) of female and hermaphrodite oysters…………………..…..68 
 
Table B2: Cross Bayou Site Data for Shell Height, Condition Index (CI), 
Dermo Intensity (DI), Sex, Reproductive Phase, and mean Egg 
Diameter (ED) of female and hermaphrodite oysters………..…..76 
 
Table B3: Gandy Site Data for Shell Height, Condition Index (CI), Dermo 
Intensity (DI), Sex, Reproductive Phase, and mean Egg Diameter 
(ED) of female and hermaphrodite oysters…………………..…..84 
 
Table B4: Manatee Site Data for Shell Height, Condition Index (CI), Dermo 
Intensity (DI), Sex, Reproductive Phase, and mean Egg Diameter 
(ED) of female and hermaphrodite oysters…………………..…..92 
 
Table B5: Salt Creek Site Data for Shell Height, Condition Index (CI), 
Dermo Intensity (DI), Sex, Reproductive Phase, and mean Egg 
Diameter (ED) of female and hermaphrodite oysters…………..100 
v 
 
 
 
LIST OF FIGURES 
Figure 1: Collection sites in Tampa Bay, Florida, including Salt Creek, 
Manatee, Alafia, Cross Bayou, and Gandy……………….……....7 
 
Figure 2: Oyster shell height was measured from umbo to shell tip as shown 
by the black line.………………………………………………….9 
 
Figure 3: Hypnospores of Perkinsus marinus are shown here as blue-black 
spheres in rectal tissue after staining Lugol’s iodine solution; this 
sample has a light/moderate (LM) level of infection.……………10 
 
Figure 4: Egg diameters were measured, using Image-Pro image analysis 
software and Olympus BX50 microscope.  Two opposing cross-
sectional diameters were measured for each egg, indicated by the 
black bars in the figure………………………...…………………14 
 
Figure 5: Salinity in parts per thousand from each site during monthly 
sampling...………………………………………………………..17 
 
Figure 6: Water temperature in degrees Celsius from each site during 
monthly sampling.…..……………………………………………17 
 
Figure 7: Median oyster shell height for each site by month………………18 
 
Figure 8: Median Condition Index for each site by month………..……….21 
 
Figure 9: Median Condition Index plotted against salinity for each site by 
month………………...……….……………………...…………..21 
 
Figure 10: Median Condition Index plotted against temperature for each site 
by month …..……………………………………………...……..22 
 
Figure 11: Median Dermo intenstiy for each site by month...…………….....25 
 
Figure 12: Median Dermo intensity plotted against salinity for each site by 
month...…………………….…………………………………….25 
 
Figure 13: Median Dermo intensity plotted against temperature for each site 
by month.…………………………………..………………….…26 
 
Figure 14: Dermo prevalence for each site by month………………...……..28 
vi 
 
 
Figure 15: Percentage of each sex category at the Alafia site from February 
2006 to January 2007.………...………………...………………..31 
 
Figure 16: Percentage of each sex category at the Cross Bayou site from 
February 2006 to January 2007.………...………………………..31 
 
Figure 17: Percentage of each sex category at the Gandy site from February 
2006 to January 2007.………...………………...………………..32 
 
Figure 18: Percentage of each sex category at the Manatee site from February 
2006 to January 2007.………...………………...………………..32 
 
Figure 19: Percentage of each sex category at the Salt Creek site from 
February 2006 to January 2007.………...………………………..33 
 
Figure 20: Percentage of reproductive phases at the Alafia site from February 
2006 to January 2007.……………………………………………33 
 
Figure 21: Percentage of reproductive phases at the Cross Bayou site from 
February 2006 to January 2007.…………………………………34 
 
Figure 22: Percentage of reproductive phases at the Gandy site from February 
2006 to January 2007.……………………………………………34 
 
Figure 23: Percentage of reproductive phases at the Manatee site from 
February 2006 to January 2007.…………………………………35 
 
Figure 24: Percentage of reproductive phases at the Salt Creek site from 
February 2006 to January 2007.…………………………………35 
 
Figure 25: Median reproductive phase plotted against salinity for each site by 
month…………………………………………………………….36 
 
Figure 26: Median reproductive phase plotted against temperature for each 
site by month …………………………………...………….…….36 
 
Figure 27: Median egg diameter for each site by month.….….……………..39 
 
Figure 28: Median reproductive phase versus median Dermo intensity for all 
sites from February 2006 to January 2007.  Alafia regression (y = 
−0.34x + 3.6) ………………………………………………...…..40 
 
Figure 29: Median egg diameter versus median Dermo intensity for all sites 
from February 2006 to January 2007………………...…………..40 
 
vii 
 
Figure 30: Median Condition Index versus median Dermo intensity for all 
sites from February 2006 to January 2007.  Regression line (y = 
−2.74x+17.1) fit to data…..…………………………………..…..41 
 
Figure 31: Median Condition Index versus Dermo prevalence for all sites 
from February 2006 to January 2007.  Regression line (y = 
−0.13x+22) fit to data…………………………………….………42 
 
Figure 32: Median Dermo prevalence versus median Dermo intensity for all 
sites from February 2006 to January 2007; smoothed curvilinear 
line fit to data………………………………………………...…..43 
 
Figure 33: MDS plot showing the similarities and differences among sites.  
All Alafia (A#), Gandy (G#) and Manatee (M#) sites occur in the 
red circle, all Salt Creek (S#) sites are outlined in green, and most 
of the Cross Bayou (C#) sites are outlined in blue (# = sample 
month)……………………………………………………………44 
 
Figure 34: MDS plot overlaid with median oyster shell height data, showing 
the similarities among sites.  Groups sharing similar shell heights 
and having a resemblance of at least 80% are outlined in green. 
Abbreviations as in Figure 33……………………………………44 
 
Figure 35: MDS plot overlaid with median egg diameter data, showing the 
similarities between Cross Bayou and Salt Creek sites versus the 
other three sites.  Groups sharing similar egg diameters and having 
a resemblance of at least 80% are outlined in green. Abbreviations 
as in Figure 33……………………………………………………45 
viii 
 
 
 
Abstract 
 Five sites in Tampa Bay, Florida, were sampled monthly from February 2006 to 
January 2007.  These sites were located at the mouth of the Alafia River, in an inlet of 
Cross Bayou, on the easement of Gandy Bridge, near mangrove in Manatee County, and 
an inlet of Salt Creek, off Bayboro Harbor.  Standard methods were used to determine 
shell height and Condition Index (CI).  Intensity and prevalence of Perkinsus marinus 
were analyzed using Ray’s Thioglycollate medium test, while Haplosporidium nelsoni 
was studied by histological examination.  Histological methods were also used to 
determine sex ratios, reproductive phases, and egg diameters. 
Perkinsus marinus was identified at all sites, exhibiting a bimodal seasonality, 
with maximum intensity and prevalence in late winter and late summer, and with minima 
in late spring and late autumn.  No evidence for H. nelsoni infections was found in any of 
the 1800 specimens examined.  Condition Index also exhibited seasonal bimodality with 
higher CI values found in specimens collected in late spring and late autumn.  Cross 
Bayou and Salt Creek sites were distinct from each other and from the other sites with 
respect to parameters assessed, while oyster populations at the Alafia, Gandy and 
Manatee sites were similar.  Overall, this study supports previous hypotheses that 
southeastern oyster beds do not experience temperatures or salinities low enough to 
induce dormancy in P. marinus; thus, it is prevalent throughout the year.
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1.  INTRODUCTION 
The eastern oyster, Crassostrea virginica, is often used as an indicator organism 
to study the health of ecosystems due to its immobility and ability to accumulate toxins 
and parasites (Power et al., 2006).  In particular, Perkinsus marinus (causative agent of 
Dermo disease) and Haplosporidium nelsoni (causative agent of MSX disease) have 
caused massive oyster mortalities in the past century. 
Perkinsus marinus was originally discovered in the Gulf of Mexico in 1948 
(Mackin et al., 1950) and ranges along the Atlantic coast from Maine to Florida and 
throughout the Gulf of Mexico (Soniat, 1996).  The origin of Dermo is unknown but the 
pathogen is widespread throughout Southeast Asia (Power et al., 2006).  Dermo 
proliferates most rapidly at temperatures above 25º C (77º F) and salinities exceeding 12 
ppt; its major infective period was reported to be between May and October in coastal 
South Carolina (Bobo et al., 1997). 
Haplosporidium nelsoni was first identified as the cause of oyster kills in the 
lower Delaware Bay in 1957 and in the lower Chesapeake Bay in 1959; its range has now 
extended from Maine to Florida’s Atlantic coast (Ewart and Ford, 1993).  Recent studies 
have postulated that MSX was introduced to the east coast of the United States by the 
importation of Crassostrea gigas, the Pacific King Oyster (Burreson, 1996).  MSX is 
most active at temperatures between 5 and 20º C, becoming inactive or eliminated when 
temperatures fall below or above this range, respectively (Ford and Haskin, 1982).  The 
prevalence and intensity of MSX also increases with salinity above 12 ppt.  Ewart and 
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Ford (1993) reported that this pathogen also is most infective between May and October 
in the northeastern states. 
Mechanisms of transmission of these pathogens are unknown and difficult to 
study.  Dermo is suspected to be transmitted through dead or disintegrating oysters.  
These oysters likely release infective stages into the surrounding water column where 
they infect other oysters and repeat the cycle (Ewart and Ford, 1993).  Infections 
commonly are found in the epithelium of the digestive system and also can be found in 
the gills or mantle tissue (Ray et al., 1953).  In heavily infected oysters, normal gonadal 
development and growth can be inhibited, with mortality following extensive tissue lysis 
(Mackin, 1951; Ray, 1954; Menzel and Hopkins, 1955). 
The infective stage and mode of transmission of MSX are unknown.  Infections 
are found in epithelia of the gills and palps (Bobo et al., 1997).  The infective stage is 
likely water-borne and easily spread (Haskin and Andrews, 1988), but mortality does not 
occur until plasmodia are abundant in all tissues (Bobo et al., 1997).  MSX reduces the 
condition of oysters by competing for nutrients and energy; host growth and reproduction 
are often impaired (Barber et al., 1988b). 
Previous studies have documented that both P. marinus and H. nelsoni occur in 
Florida waters.  Perkinsus marinus has been identified in Pensacola Bay, Apalachicola 
Bay, Cedar Key, and Tampa Bay.  Ray (1966a) documented P. marinus at three sites 
within Tampa Bay with prevalence ranging from 27 to 93% and weighted incidence 
(intensity) ranging from 0.40 to 1.65.  Quick and Mackin (1971) postulated that over 50% 
of Florida’s adult oysters annually die from Dermo.  Their studies documented the 
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presence of Dermo in oysters in the Florida Keys and northward along the Atlantic coast 
to Georgia.   
In Florida, Quick and Mackin (1971) tested over 1100 oysters for Dermo, 
reporting a weighted incidence (intensity) of 1.02 and a prevalence of 56%.  Craig et al. 
(1989) found 100% prevalence at four sampling sites in Tampa Bay, including 
Hillsborough Bay, Papys Bayou, Mullet Key Bay, and Cockroach Bay, with weighted 
incidences ranging from 1.67 to 2.33.  Charlotte Harbor, Florida, was also identified as a 
host site for the pathogen by Quick and Mackin (1971) and Craig et al. (1989).  The latter 
study noted that the Tampa Bay-Charlotte Harbor area has much higher than average 
infection levels and is a Gulf-wide focus of infection.  Arnold et al. (2008) studied three 
sites within Tampa Bay and reported a prevalence of more than 60% although intensities 
were low, from 1.0 to 2.0.  Following the Arnold et al. study, Drexler (2011) also 
reported Dermo prevalence near 60% with intensities below 1.0 for six natural reefs 
within Tampa Bay. 
In contrast, MSX has been confirmed along the Atlantic coast of Florida, where it 
is not causing massive oyster mortalities.  Ulrich et al. (2007) reported that 30 of 41 Gulf 
of Mexico oysters (73%) were positive for H. nelsoni using PCR amplification of 
ribosomal rRNA.  However, Ford et al. (2011) sampled 210 oysters from the same region 
using PCR and histology and found no evidence of H. nelsoni.  Given the presumed 
presence of H. nelsoni in Gulf of Mexico waters as indicated by Ulrich et al. (2007), the 
absence of outbreaks of MSX in Florida Gulf of Mexico waters is likely due to the 
extremely warm summer temperatures combined with generally mild winters, as 
described by Ford and Haskin (1982). 
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Perkinsus marinus and H. nelsoni can cause stress to their host by competing for 
energy.  This competition often results in a decline in condition of the oyster and in less 
energy for reproduction (Barber et al., 1988b).  By competing for available energy, 
pathogens disrupt the normal energy storage cycle of their hosts by reducing the energy 
available for storage or by utilizing stored nutrients (Thompson, 1983; Newell and 
Barber, 1988).  Barber et al. (1988a) reported a 35 to 81% reduction of gamete 
production in oysters infected with H. nelsoni, and Dittman (1993) reported a similar 
trend of significantly smaller gonad area in oysters heavily infected with P. marinus.  A 
negative correlation was reported by Choi et al. (1994) between the intensity of P. 
marinus infection and the rate of gonadal production. 
The Condition Index (CI) is used to evaluate how organisms are affected by their 
environment and can be a prime indicator as to how well an oyster has utilized the 
volume available for tissue growth (Haven, 1961; Mercado-Silva, 2005).  Lawrence and 
Scott (1982) modified the Condition Index method to make it simple and time-efficient.  
They found that the cavity volume could be obtained by subtracting the weight in air of 
the oyster’s valves from the weight in air of the intact oyster (both in grams).  As the 
condition of Crassostrea virginica declines, the ability to produce viable eggs also 
decreases.  Low CI oysters may still produce eggs but the condition of the eggs may be 
diminished by the parasites (Barber et al., 1988).  Researchers use several means of 
assessing reproduction, including visual observation, gonad index, mean oocyte diameter, 
and developmental phases (Lango-Reynoso et al., 2000).  Barber and Blake (1991) 
mentioned that the use of at least two methods was the most complete approach to 
evaluate gametogenesis and that histology was required to discern reproductive phases.  
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2.  OBJECTIVES OF STUDY 
The primary goal of this study was to assess prevalence and intensity of P. 
marinus (Dermo) across a range of sites in Tampa Bay and its effects on oyster Condition 
Index and gametogenesis.  Ancillary goals were to test the hypotheses: a) that prevalence 
and intensity of Dermo are inversely correlated with Condition Index and egg diameters, 
b) that sites with minimal anthropogenic influence would show significantly higher CI 
and egg diameters with lower prevalence and intensity of Dermo as compared to 
impacted sites, c) that sites with strong tidal exchange would show higher health indices 
than sites with more restricted exchange, and d) that MSX is not affecting the health and 
reproduction of Tampa Bay oysters. 
 
3.  METHODS 
 
3.1. Collection 
Five study sites were chosen to represent Tampa Bay oyster populations: Salt 
Creek, Manatee, Alafia, Cross Bayou, and Gandy (Fig. 1).  The location of each site was 
recorded during the first collection using a Garmin 76 GPS (Table 1).  All sites were 
natural reefs, and the first two sites, Alafia and Manatee, were chosen for their relatively 
low exposure to human impacts.  The Alafia site is located at the mouth of the Alafia 
River, where freshwater influx and salinity variation is high seasonally.  The Manatee site 
is assumed to be the most pristine site; it is surrounded by mangroves and has limited 
direct human impacts.  The site faces the open ocean and receives regular tidal mixing. 
The Gandy site was selected for its proximity to human influence; this site is 
frequented by people fishing and swimming but receives strong tidal exchange.  The 
Cross Bayou and Salt Creek sites were chosen for their high exposure to human impacts.  
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The Cross Bayou site is relatively restricted in an inlet next to a commercial boat dock; 
living oysters are scarce and tidal exchange is extremely limited.  Lastly, the Salt Creek 
site is located in an inlet off Bayboro Harbor.  The harbor is utilized by the University of 
South Florida, the U.S. Coast Guard, Florida Fish and Wildlife Research Institute, and a 
commercial marina.  The site is located adjacent to boat yards and is subjected to both 
extensive anthropogenic influence and substantial tidal exchange.  Remarks concerning 
tidal exchange were based on regular visits and observations at these sites. 
Monthly sampling occurred from February 2006 to January 2007.  Temperature 
and salinity were measured during each collection using a YSI 30/50 FT unit.  Clusters of 
oysters were removed by haphazard sampling until 30 oysters were obtained to assess the 
shell height, Condition Index, the prevalence and intensity of Dermo and MSX, sex, 
reproductive phase, and egg diameters when eggs were present. 
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Figure 1.  Collection sites in Tampa Bay, Florida, including Salt Creek, Manatee, Alafia, 
Cross Bayou, and Gandy. 
 
Table 1. Locations (by latitude and longitude) of the five study sites.  
GPS Locations
1 Alafia 27°51.661' N W 082°23.083'
2 Cross Bayou 27°48.793' N W 082°45.673'
3 Gandy 27°52.696' N W 082°35.099'
4 Manatee 27°31.409' N W 082°36.520'
5 Salt Creek 27°45.400' N W 082°38.27'  
 
 
3.2. Condition Index 
The Condition Index (CI) was determined based on the technique of Lawrence 
and Scott (1982).  However, this procedure was modified to allow each oyster to also be 
inspected for Dermo and MSX.  Each oyster was weighed whole and measured from 
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umbo to shell tip (Fig. 2) to produce a weight and shell height, respectively (Gosling, 
2003).  These data were used to create a size range for further analyses of prevalence and 
intensity of Dermo and MSX.  The oyster tissue was then removed from the shell and 
weighed (wet).  Rectal tissue was utilized to determine the prevalence and intensity of 
Dermo.  A 5 mm histological cross section was taken of the oyster’s gills, digestive 
diverticula, and gonads to determine the infection level of MSX.  The remaining oyster 
meat was weighed again and then dried in an oven at 67º C for 48 hours, then weighed 
again.  To account for the amount of oyster meat removed for histological analyses, the 
total dried oyster meat (X) was calculated using a dry weight to wet weight ratio as 
shown in Equations 1 and 2, as explained in Barber et al. (1988). 
 
Eqn. 1 Wet weight of total oyster meat (g)  =  Wet weight of oyster meat after Dermo and MSX sections are removed (g) 
 X                   Dry weight of oyster meat after Dermo and MSX sections are removed (g) 
 
Eqn. 2 X  =  Wet weight of total oyster meat (g) * Dry weight of oyster meat after Dermo and MSX sections are removed (g)  
  Wet weight of oyster meat after Dermo and MSX sections are removed (g) 
 
Eqn. 3 Condition Index (CI)  =  Dry weight of total oyster meat (g) * 1000 
   Internal Cavity Volume (cm
3
) 
 
 
The empty oyster shell was weighed immediately after the meat was removed to 
determine the internal cavity volume (Abbe and Albright, 2003).  The internal cavity 
volume was estimated by subtracting the weight of the entire oyster (shell and meat) and 
the shell weight and by assuming that the cavity was filled with water and meat with a 
density of 1 g/cm
3
.  The resultant CI was calculated from a dry weight (total) to internal 
cavity volume ratio (Eqn. 3). 
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Figure 2.  Oyster shell height was measured from umbo to shell tip as shown by the black 
line. 
 
 
3.3. Perkinsus marinus (Dermo) 
The prevalence and intensity of Dermo were analyzed based on a modified 
version of Ray’s thioglycolate test (1966b), outlined in Howard et al. (2004).  The fluid 
thioglycolate medium was prepared by adding 14.6 g of thioglycolate solid and 10 g of 
sodium chloride (NaCl) to 485 ml of distilled water.  The mixture was heated to boiling.  
When all solids were dissolved, the solution was removed from the hot plate, and a 
chloramphenicol mixture was added to the solution.  The chloramphenicol mixture was 
prepared by adding 10 ml of distilled water to 0.25 g of chloramphenicol.  The fluid 
thioglycollate medium was then poured into 250-ml glass flasks, autoclaved for 30 min at 
120º C, then stored in the dark until needed.  Before dissecting the oysters from each site, 
3 ml aliquots of medium were poured into 5-ml disposable tubes.  Two drops of nystatin 
were added to each tube immediately before the oyster tissue was inserted. 
A razor blade was used to remove the rectal tissue section from the oyster body.  
Each tissue section was immediately inserted into a labeled 5-ml tube containing the 
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fixative described above.  Each sample was fixed in the dark for at least 72 hours, after 
which the samples were stored in a dark refrigerated environment for up to one month 
until analysis could be completed (Kim et al., 2006).  For analysis, the tissue was 
removed from the tube and placed on a slide.  With a razor blade, the tissue was teased 
apart and flooded with Lugol’s iodine solution.  A coverslip was then placed on top of the 
tissue, which was examined under a microscope.  Stained spheres (hypnospores) of P. 
marinus (Fig. 3) were counted, and the intensity (numerical rank) was determined based 
on a modified version of Craig et al.’s (1989) infection scale (Table 2). 
 
Figure 3. Hypnospores of Perkinsus marinus are shown here as blue-black spheres in 
rectal tissue after staining Lugol’s iodine solution; this sample has a light/moderate (LM) 
level of infection. 
 
 
 
 
 
50 µm 
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Table 2.  Semi-quantative scale of infection intensity for Perkinsus marinus, modified 
from Craig et al. (1989). 
Letter 
Designation
Infection 
Intensity
Numerical 
Rank
Description
N Negative/ Very 0 0-10 hypnospores present
Light
L Light 1 25% of tissue is hypnospores
LM Light/Moderate 2 25.01-50% of tissue is hynospores
M Moderate 3 50.01-75% of tissue is hypnospores
MH Moderately 4 75.01-99% of tissue is hypnospores (some oyster tissue still visible)
Heavy
H Heavy 5 100% of tissue is hypnospores
 
 
3.4. Haplosporidium nelsoni (MSX) 
To determine the prevalence and intensity of MSX, the 5 mm transverse section 
of oyster tissue was fixed in Dietrich’s solution for 24 hours and then stored until the 
section was dehydrated through a graded alcohol series.  The tissue section was then 
processed according to the histological procedures in Howard et al. (2004).  The sample 
was dehydrated in Tissue Dry (SH-5) for 12 hours and cleared in Tissue Clear III (SH-3) 
for 3 hours using an Auto-Technicon Tissue Processor.  The samples were embedded in 
paraffin, sectioned at 6µm thickness, and placed on slides.  Slides were deparafinized 
with xylene, rehydrated with water, and stained with Harris’ hematoxylin and Eosin.  
Each slide was then examined for the presence of H. nelsoni. 
 
3.5. Reproduction 
Three parameters were examined to determine the overall condition of the 
reproductive process.  Each histological slide provided from the MSX procedure was 
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photographed using an Olympus BX50 microscope and analyzed to determine sex, 
reproductive phase, and, if oocytes or ova (henceforth collectively referred to as “eggs”) 
were present, their diameters.  Each slide was examined microscopically to determine the 
sex of individual oysters.  Four categories used to identify sex were female, male, 
hermaphrodite, and undifferentiated (Table 3) to provide rankings for quantitative 
analysis. 
Each slide was also examined under a microscope to determine the reproductive 
phase of individual oysters.  Five phases were utilized and modified from the phases 
described in Kim et al. (2006) (Table 4) to provide rankings for quantitative analysis.  
Each sample that was determined to be female or hermaphrodite was examined to assess 
diameters of fifty randomly chosen eggs.  Since cross-sections of eggs were not circular, 
two opposing cross-sectional diameters were measured and then averaged, for each egg, 
using Image-Pro image analysis software (Fig. 4).  When fewer than 50 eggs were 
available for measurement, that observation was noted. 
Table 3. Crassostrea virginica specimens were examined for sex, using these four 
categories.  Each category was designated 0-3 for analysis purposes. 
Sex Categories
Gonad filled with both eggs/oocytes and 
sperm/spermatocytes
Gonad spawned with only connective tissue remaining
Female 1 Gonad filled with eggs or oocytes
Male
Hermaphrodite
Undifferentiated
2
3
0
Gonad filled with sperm or spermatocytes
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Table 4.  Phase criteria for reproduction; modified scale from Kim et al. (2006). 
Reproductive Phases
1 Little or no gonadal tissue visible.
2
Follicles expanded with approximately ⅓ to equal proportions of 
mature and developing gametes.  Considerable connective tissue 
remains.
3
Follicles distended and filled with mature gametes.  Little connective 
tissue remains.
4
½ - ⅓ follicles depleted of mature gametes.  Some evidence of 
renewed reproductive activity.
5 Few or no gametes visible.  Gonad tissue atrophying.
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Figure 4.  Egg diameters were measured, using Image-Pro image analysis software and 
Olympus BX50 microscope.  Two opposing cross-sectional diameters were measured for 
each egg, indicated by the black bars in the figure.  
 
3.6 Statistical Analyses 
 Based on measurements of the assessed parameters, minimum, maximum, 
median, mean, and standard deviation were calculated for each month and site.  Median 
data were used to graph all parameters due to non-normal distributions associated with 
occasional extreme data points, though means and standard deviations were also 
calculated for each site and month.  Because means of sets of means are considered to be 
normally distributed (e.g., Hayak and Buzas, 1997), overall mean and standard deviations 
are also reported for most parameters. 
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3.6.1. ANOVA 
Shell height, Condition Index, Dermo intensity, reproductive phase, and sex were 
analyzed individually by site and month, using single-factor analysis of variance 
(ANOVA) as calculated by Excel 2007.  In all analyses, the null hypothesis was the 
assumption of no significant difference by site or between months, as appropriate.  When 
the null hypothesis was rejected at the P<0.05 level, HSD-Tukey tests were performed for 
shell height and CI to determine sites and months responsible for differences (Zar, 1974).  
Since rankings were used for the Dermo intensity and reproductive phases, instead of 
measured data, non-parametric Kruskal-Wallis H Tests were performed to determine if 
significant differences could be detected (Zar, 1974). 
3.6.2. Multi-dimensional Scaling (MDS) 
Data from selected factors were entered into Plymouth Routines In Multivariate 
Ecological Research (Primer 6) program (PRIMER-E Ltd., Plymouth, UK) to create a 
sample workspace.  Monthly data for median shell height, median Condition Index, 
median Dermo intensity, median reproductive phase, number of specimens of each sex, 
and median egg diameter were initially included in the data set.  Cluster and MDS plots 
were constructed from a Bray-Curtis similarity matrix.  Data were analyzed through 
several iterations, ultimately removing the number of males and hermaphrodites, to 
reduce stress on the MDS plots to distinguish meaningful relationships (Stress <0.20 – 
PRIMER-E Ltd., Plymouth, UK). 
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4.  RESULTS 
4.1. Environmental Parameters 
During the sampling period (Feb 2006-Jan 2007), salinity varied at all sites, 
ranging from 12 to 33 ppt (Fig. 5). Monthly salinity readings typically averaged between 
20 and 30 ppt.  The lowest salinity was recorded at the Alafia site (12 ppt), and salinities 
at this site were typically lower than at other sites. In contrast, the highest salinity was 
recorded at the Cross Bayou site (33 ppt), which was the site with overall higher 
salinities.  Salinities at the Alafia and Manatee sites fluctuated more compared to the 
other sites.  The Alafia site varied from 12 to 27 and only exceeded 20 ppt in April to 
May 2006 and again from December 2006 to January 2007.  The Manatee site varied 
from 19 to 32 ppt but the salinity only dropped below 20 ppt in August 2006 and January 
2007. 
Water temperatures among sites ranged from 15 to 35°C through the year, 
showing a uniform seasonal pattern (Fig. 6). Temperatures for all sites were low (15-
20°C) in February 2006 but rose steadily into the low 30s in summer.  In September 
2006, temperatures began to decline to winter lows. 
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Figure 5. Salinity in parts per thousand from each site during monthly sampling.  
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Figure 6. Water temperature in degrees Celsius from each site during monthly sampling. 
4.2. Shell Height and Condition Index 
Consistently throughout the study, the smallest oysters were found at the Cross 
Bayou site (Fig. 7), with the smallest overall mean height of 43.7 ± 2.4 mm.  Oysters at 
the other sites were generally similar to each other with respect to shell height, with 
overall means ranging from 54.7 to 57.4 mm (Table 5). 
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Figure 7. Median oyster shell height for each site by month. 
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Table 5.  Oyster shell height data for each site presented by month with overall totals. 
Alafia Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 39.7 39.1 38.1 40.5 35.0 41.3 39.7 41.2 40.2 41.8 40.8 41.2 35.0
Max 78.0 71.0 70.9 85.9 69.7 73.8 68.0 73.4 70.0 63.1 73.2 73.0 85.9
Median 59.5 54.5 50.8 60.5 46.7 54.5 53.8 53.5 54.5 52.7 54.1 57.9 54.3
Mean 58.3 55.0 52.4 61.6 48.0 56.4 54.1 55.7 55.0 52.6 53.9 57.5 55.0
Standard Deviation 10.0 9.4 8.3 12.2 8.8 10.4 8.7 9.2 9.5 5.4 8.5 9.4 3.4
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Cross Bayou Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 33.0 30.3 35.1 33.4 31.0 31.2 30.9 30.7 29.3 28.0 31.5 27.4 27.4
Max 68.6 62.2 58.7 56.2 58.8 61.3 60.6 59.0 55.7 53.6 59.8 62.2 68.6
Median 44.8 44.1 42.7 44.1 42.6 43.5 45.5 46.2 40.3 37.6 44.2 41.9 43.8
Mean 45.7 45.6 43.6 44.8 43.3 43.9 46.5 45.6 41.2 37.7 43.8 43.3 43.7
Standard Deviation 8.5 9.5 6.2 6.8 6.6 8.1 7.7 8.7 6.9 6.3 7.0 7.7 2.4
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Gandy Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 44.2 41.2 44.1 37.3 40.4 36.3 37.4 41.7 41.5 39.5 41.2 41.8 36.3
Max 95.7 75.0 74.9 68.3 79.9 76.1 63.2 65.8 74.6 116.0 74.7 69.4 116.0
Median 64.4 55.6 56.6 48.7 57.1 54.4 48.1 50.0 55.5 59.5 56.8 53.3 55.6
Mean 66.4 55.9 58.6 50.5 56.0 55.5 49.1 51.5 57.5 61.8 57.5 53.6 56.2
Standard Deviation 10.5 9.5 9.1 9.0 8.6 11.1 6.7 7.3 9.3 15.0 9.0 7.2 4.8
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Manatee Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 38.5 41.2 42.5 32.9 42.1 41.0 38.3 39.1 41.2 38.8 46.2 43.5 32.9
Max 79.9 75.5 83.9 66.5 76.8 76.0 79.8 69.0 78.0 66.3 74.0 71.2 83.9
Median 52.7 63.0 53.8 45.4 50.0 55.5 53.4 51.4 60.1 51.9 58.4 53.7 53.6
Mean 54.7 60.8 54.8 46.9 52.1 56.4 55.4 52.3 58.5 50.5 59.5 54.4 54.7
Standard Deviation 9.6 9.0 9.6 9.7 7.8 10.6 11.6 8.7 10.3 6.7 7.2 7.0 3.9
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Salt Creek Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 36.1 40.2 43.5 33.0 35.6 35.0 40.4 40.6 37.5 45.7 40.6 39.9 33.0
Max 109.5 75.9 90.9 66.9 75.2 73.0 91.4 75.8 69.9 98.6 76.6 91.0 109.5
Median 65.2 56.5 61.7 43.6 45.7 49.0 55.4 55.4 59.4 57.7 61.9 60.5 57.1
Mean 68.1 58.9 61.2 44.6 47.3 50.8 59.9 57.3 56.9 62.0 61.3 61.1 57.4
Standard Deviation 17.0 9.7 10.4 8.4 9.9 10.5 14.6 10.4 9.9 12.8 10.1 10.9 6.7
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360  
 
Single factor ANOVA was used to assess shell heights between sites and across 
months for all sites, revealing significant differences in both cases (Table 6).  Tukey’s 
HSD post-hoc test was performed to determine what sites and months were responsible 
for differences (Appendix A1).  The Cross Bayou site was determined to be significantly 
different from the remaining sites during the study period.  Seasonal differences were 
also determined for most sites between February and May or June 2006. 
 
20 
 
Table 6. Single factor ANOVA results for all shell height data from February 2006 to 
January 2007.  
Source of Variation SS df MS F P-value F crit
Between Groups 76904.2 59 1303.5 14.5 1E-111 1.33
Within Groups 156525 1740 90.0
Total 233429 1799  
Minimum, maximum, median, mean, and standard deviation were also calculated 
for Condition Index (Table 7).  Median CI, plotted each month by site (Fig. 8), showed a 
bimodal trend, with peaks in May at all sites except Cross Bayou, which peaked in June, 
and a second peak in December.  Condition Index for all sites was low (5 to 10) in 
February 2006, significantly increasing in March through May.  The CI at Alafia and Salt 
Creek sites approached 30 while at the Manatee and Gandy sites the CI only reached 15.  
At the Cross Bayou site, the CI peaked in the low 20s.  The CI at all sites declined after 
the spring peak to late summer minima in August (Cross Bayou) or September (all 
others) but began to rise again in the autumn peaking in December.  The CI was most 
consistent at the Manatee site.  Condition Index medians were plotted against salinity and 
temperature, with no correlations observed (Fig. 9, 10).  However, all median CIs greater 
than 20 were found when temperatures were between 20 and 30°C.  Similarly, all except 
one median CI greater than 20 occurred when salinities were between 20 and 30 ppt. 
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Figure 8. Median Condition Index for each site by month. 
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Figure 9. Median Condition Index plotted against salinity for each site by month. 
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Figure 10. Median Condition Index plotted against temperature for each site by month. 
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Table 7. Condition Index data for each site presented by month with overall totals. 
Alafia Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 5.0 5.0 5.3 19.3 2.2 4.5 4.8 4.2 5.3 9.2 12.2 9.0 2.2
Max 16.6 20.3 43.9 56.4 15.7 21.2 21.9 16.3 22.1 45.4 82.0 62.2 82.0
Median 7.9 10.2 13.5 28.6 8.7 9.2 9.6 9.4 11.3 19.3 25.2 25.5 10.7
Mean 8.2 10.9 15.4 30.7 8.8 10.1 11.5 9.7 11.9 20.2 29.5 27.6 16.2
Standard Deviation 2.2 3.5 7.8 9.9 3.6 3.8 4.7 3.2 4.8 7.8 16.0 14.5 8.5
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Cross Bayou Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 3.9 4.8 5.6 4.8 3.7 3.8 4.4 3.0 7.4 4.7 10.5 5.1 3.0
Max 12.5 32.9 96.4 33.3 73.7 53.3 34.0 36.0 32.8 54.6 56.5 41.3 96.4
Median 6.0 10.6 9.5 8.7 22.5 15.1 7.8 8.0 16.0 21.9 24.0 13.8 12.2
Mean 6.2 13.8 16.5 9.6 23.8 18.3 11.2 10.6 17.7 22.5 25.9 16.6 16.1
Standard Deviation 1.8 8.9 17.3 5.2 15.0 13.4 7.9 7.6 6.9 11.0 10.6 10.4 6.1
Number of Samples (n) 28 30 30 30 30 30 30 30 30 30 30 30 358
Gandy Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 5.9 5.5 1.7 6.9 3.4 5.3 6.3 4.2 5.2 4.3 6.2 6.0 1.7
Max 12.8 24.0 22.2 33.3 23.9 25.3 35.1 25.3 33.0 36.7 45.5 45.8 45.8
Median 8.1 9.3 11.5 14.8 7.8 9.3 10.9 10.8 12.8 16.6 19.3 16.2 11.2
Mean 8.5 11.0 12.1 16.0 9.9 11.2 13.3 12.1 14.0 16.6 19.9 21.8 13.9
Standard Deviation 1.7 4.7 4.5 7.7 5.1 5.1 7.2 5.9 6.1 6.9 8.5 12.2 4.0
Number of Samples (n) 30 30 30 30 30 30 30 30 29 30 30 30 359
Manatee Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 6.0 4.8 8.2 3.6 2.3 4.5 6.8 3.9 5.4 6.9 7.8 4.5 2.3
Max 16.1 18.4 26.9 29.9 35.7 19.9 24.0 13.5 22.8 28.0 54.6 48.5 54.6
Median 9.7 9.8 15.4 14.1 18.5 8.9 10.4 9.5 12.5 15.2 17.9 17.7 13.3
Mean 9.8 9.7 16.3 16.1 17.3 9.7 11.6 9.0 12.8 15.0 21.4 19.3 14.0
Standard Deviation 2.4 3.5 5.0 7.2 7.3 3.6 4.4 2.8 4.1 5.2 11.5 11.5 4.2
Number of Samples (n) 30 30 30 30 30 29 30 30 30 30 30 30 359
Salt Creek Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 4.8 4.3 5.8 6.3 7.8 3.2 4.0 4.6 5.4 5.6 11.2 6.1 3.2
Max 19.1 18.7 33.8 71.4 41.5 45.1 35.6 19.7 19.3 35.0 34.0 41.8 71.4
Median 8.8 9.8 13.1 26.6 17.4 13.6 13.4 9.7 12.7 13.6 19.0 17.4 13.5
Mean 8.8 10.1 14.4 27.1 19.9 15.1 14.2 10.6 12.8 14.5 20.1 19.3 15.6
Standard Deviation 2.9 4.3 6.3 14.9 9.3 8.9 8.5 4.2 3.4 5.8 5.4 10.9 5.2
Number of Samples (n) 30 30 30 29 30 30 30 30 30 30 30 30 359  
Condition Index data were also evaluated using single-factor ANOVA.  Results 
showed a significant difference (P < 0.05) across months for all sites (Table 8).  Tukey’s 
HSD post-hoc tests were used to determine what months were responsible for the 
differences, revealing that indeed the seasonal changes in CI were significant between the 
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May, November, December, and January highs and the lows of other months; the results 
did not show consistent differences among sites (Appendix A2). 
 
Table 8. Single factor ANOVA results for all Condition Index data from February 2006 
to January 2007. 
Source of Variation SS df MS F P-value F crit
Between Groups 57957.5 59 982.3 15.2 4E-117 1.3
Within Groups 112687 1740 64.8
Total 170645 1799  
 
4.3. Perkinsus marinus (Dermo) 
Dermo intensity and prevalence were determined for each site (Table 9).  Median 
Dermo intensity exhibited bimodality (Fig. 11), with peaks in February or March 2006 
and in summer, with minima in spring (April-May) and late fall (October-December).  
Dermo intensity at Gandy and Cross Bayou track most closely, with February and August 
peaks in intensity and May-June and November-December minima.  The highest median 
intensity (5) occurred at the Cross Bayou site in February, which was the only site 
recording a median intensity above 3.  Data for Alafia and Manatee track similarly, but 
the late winter peaks were later (March) while the summer peaks were earlier (June-July).  
Dermo intensity at Salt Creek only exhibited the February peak, and otherwise fluctuated 
between 0 and 1.  The lowest overall median (0.25) was recorded at the Manatee site, 
with the intensity median at Salt Creek at 0.5 (Table 9).  Dermo intensity was plotted 
against salinity and temperature with no correlation (Fig. 12, 13).  However, the extreme 
variability in Dermo intensity at Cross Bayou is evident in these plots, with the lows 
occurring at the intermediate temperatures (20-30°C). 
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Figure 11. Median Dermo intenstiy for each site by month. 
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Figure 12. Median Dermo intensity plotted against salinity for each site by month. 
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Figure 13. Median Dermo intensity plotted against temperature for each site by month. 
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Table 9. Dermo intensity data for each site presented by month with overall totals. 
Alafia Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
Max 5 5 5 4 5 5 5 5 4 2 2 3 5
Median 1.5 2.0 1.0 0.0 2.0 3.0 2.5 2.5 1.0 0.0 0.0 1.0 1.25
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Cross Bayou Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 0 1 0 0 0 0 0 0 0 0 0 0 0
Max 5 5 5 5 3 5 5 5 3 3 3 4 5
Median 5.0 3.5 1.5 1.0 0.0 2.0 4.0 3.0 1.0 0.0 0.5 1.0 1.25
Number of Samples (n) 28 30 30 30 30 30 30 30 30 30 30 30 358
Gandy Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
Max 5 5 5 5 5 5 5 5 3 4 2 3 5
Median 3.0 2.0 1.0 0.0 1.0 2.0 3.0 2.0 1.0 0.0 0.0 1.0 1.00
Number of Samples (n) 30 30 30 30 30 30 30 30 29 30 30 30 359
Manatee Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
Max 5 3 5 5 5 4 5 2 2 1 1 2 5
Median 0.0 1.5 1.0 0.0 2.0 2.0 0.0 1.0 0.0 0.0 0.0 0.5 0.25
Number of Samples (n) 30 30 30 30 30 29 30 30 30 30 30 30 359
Salt Creek Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
Max 5 5 5 3 5 5 5 5 2 1 2 3 5
Median 3.0 2.5 1.5 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 1.0 0.50
Number of Samples (n) 30 30 30 29 30 30 30 30 30 30 30 30 359  
Monthly data sets for Dermo intensity were evaluated using the Kruskal-Wallis H 
Test.  Results showed the H value to be greater than the Hcritical value, indicating that the 
changes with season were significant (Table 10).  All results were calculated with 95% 
certainty and 59 degrees of freedom. 
 
Table 10. Kruskal-Wallis H Test results for all Dermo intensity data during February 
2006 to January 2007. 
Groups Σ R n
2
/N n df H Statistic α-value H critical
Site by Month 1.598E+09 59 513.6 0.05 77.9
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Prevalence of Dermo showed bimodality similar to that of intensity, with late 
winter (February-March) and late summer (July-September) maxima, contrasting with 
late spring (May-June) and late autumn (November) minima (Fig. 14).  The highest 
prevalence found was 100% at Cross Bayou in March.  Prevalence for all sites declined 
in May and June 2006, remaining at or above 30%.  During the summer months, 
prevalence rose to near 90% for all sites except the Salt Creek site which maintained a 
prevalence of 50 to 70%.  In November 2006, prevalence for all sites decreased with the 
Salt Creek site again having the lowest prevalence of 10% (Table 11). 
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Figure 14. Dermo prevalence for each site by month. 
 
Table 11. Dermo prevalence for each site presented by month; highest (100%) and lowest 
(10%) prevalences are shaded. 
Sites Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Alafia 73.3 73.3 63.3 46.7 83.3 93.3 93.3 90.0 76.7 46.7 46.7 80.0 75.0
Cross Bayou 96.7 100.0 70.0 60.0 46.7 90.0 86.7 93.3 73.3 23.3 50.0 66.7 71.7
Gandy 80.0 83.3 63.3 43.3 70.0 93.3 83.3 96.7 63.3 23.3 43.3 60.0 66.7
Manatee 46.7 80.0 66.7 46.7 73.3 96.7 46.7 63.3 46.7 26.7 40.0 50.0 48.3
Salt Creek 83.3 83.3 80.0 30.0 33.3 56.7 46.7 70.0 30.0 10.0 40.0 56.7 51.7
Dermo Prevalence
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4.4. Haplosporidium nelsoni (MSX) 
Histological slides for all sites and all months were examined for the presence of 
Haplosporidian nelsoni (MSX).  No obvious MSX plasmodia were observed.  
 
4.5. Reproduction 
The frequency of occurrence (%) of each sex category was calculated for each site 
and month.  Percentages of male, female, hermaphrodite, and undifferentiated oysters 
showed few patterns over the 12-month study period (Figures 15-19).  During the study, 
most sites fluctuated around 50% between male and female oysters. In the data sets from 
Alafia and Gandy sites, higher percentages of females were recorded in February through 
June, with percentages less than 40% late in the year (Fig. 15, 17). At Cross Bayou, 
percentages of females never exceed 50% and were typically less than 40% (Fig. 16). No 
sample ever had more than one hermaphrodite (3.3%), and those were observed in 
February, April, May, and November 2006 and were found at every site except Cross 
Bayou.  Percentages of male and female declined in November 2006 for all sites with 
corresponding increase in undifferentiated specimens. 
Phases of reproduction were evaluated for every site. The lowest median 
reproductive phase of 2.0 occurred at the Cross Bayou site.  For all other sites, the overall 
median was 3.0 (Table 12), with gonads in phase 3 present in all months except late in 
the year (Figures 20-24).  Each site exhibited a median reproductive phase range of 2 to 3 
between February and July 2006.  In August 2006, medians at the Cross Bayou and Salt 
Creek sites increased to 3.5 and 4, respectively.  All sites showed a slight decline in 
median reproductive phase during September 2006 and a steady increase in reproductive 
phase beginning in October 2006.  From November to December 2006, phases for all 
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sites peaked between 4 and 5 and quickly dropped in January 2007.  Although trends 
were observed for the median reproductive phases, most phases (0-5) were found at all 
sites throughout the year.  Median reproductive phase was plotted against salinity and 
temperature; no correlations were seen (Fig. 25, 26). 
Table 12. Reproductive phase data for each site presented by month with overall totals. 
Alafia Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 1 1 1 1 1 1 1 1 2 3 3 1 1
Max 4 4 4 4 4 5 5 4 5 5 5 5 5
Median 3.0 2.5 3.0 2.0 2.0 3.0 3.0 3.0 4.0 5.0 4.0 3.0 3.0
Number of Samples (n) 30 30 30 30 30 30 30 30 30 30 30 30 360
Cross Bayou Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 1 1 1 2 2 2 2 1 1 1 1 1 1
Max 3 4 4 4 5 5 5 4 4 5 5 5 5
Median 2.0 2.0 2.0 3.0 3.0 3.0 4.0 2.0 2.0 2.0 5.0 2.0 2.0
Number of Samples (n) 28 30 30 30 30 30 30 30 30 30 30 30 358
Gandy Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 1 1 1 1 1 1 1 1 1 1 1 1 1
Max 4 4 4 5 5 5 5 5 5 5 5 5 5
Median 3.0 2.0 2.5 3.0 3.0 3.0 2.0 3.0 3.5 4.0 4.0 2.5 3.0
Number of Samples (n) 30 30 30 30 30 30 30 30 29 30 30 30 359
Manatee Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 1 1 1 1 1 1 1 1 1 1 1 1 1
Max 4 4 4 5 5 5 5 5 5 5 5 5 5
Median 3.0 2.5 2.5 3.0 3.0 3.0 2.0 3.0 3.5 4.0 4.0 2.0 3.0
Number of Samples (n) 30 30 30 30 30 29 30 30 30 30 30 30 359
Salt Creek Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 2 1 2 2 2 2 2 2 2 2 1 1 1
Max 3 3 3 3 5 5 5 5 5 5 5 5 5
Median 2.0 2.0 2.0 3.0 2.0 3.0 3.5 3.0 4.0 4.0 4.0 2.0 3.0
Number of Samples (n) 30 30 30 29 30 30 30 30 30 30 30 30 359  
 
Differences in reproductive phases were analyzed using a Kruskal-Wallis H Test.  
The H value was greater than the Hcritical value at a 95% certainty and 59 degrees of 
freedom.  Differences were significant among months for all sites, reflecting the lower 
spring-summer phases as compared with the higher phases common later in the year 
(Table 13). 
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Table 13. Kruskal Wallis H Test results for all reproductive phase data from February 
2006 to January 2007. 
Groups Σ R n
2
/N n df H Statistic α-value H critical
Site by Month 1562592329 59 381.2 0.05 77.9
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Figure 15. Percentage of each sex category at the Alafia site from February 2006 to 
January 2007. 
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Figure 16. Percentage of each sex category at the Cross Bayou site from February 2006 to 
January 2007. 
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Figure 17. Percentage of each sex category at the Gandy site from February 2006 to 
January 2007. 
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Figure 18. Percentage of each sex category at the Manatee site from February 2006 to 
January 2007. 
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Figure 19. Percentage of each sex category at the Salt Creek site from February 2006 to 
January 2007. 
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Figure 20. Percentage of reproductive phases at the Alafia site from February 2006 to 
January 2007. 
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Figure 21. Percentage of reproductive phases at the Cross Bayou site from February 2006 
to January 2007. 
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Figure 22. Percentage of reproductive phases at the Gandy site from February 2006 to 
January 2007. 
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Figure 23. Percentage of reproductive phases at the Manatee site from February 2006 to 
January 2007. 
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Figure 24. Percentage of reproductive phases at the Salt Creek site from February 2006 to 
January 2007. 
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Figure 25. Median reproductive phase plotted against salinity for each site by month. 
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Figure 26. Median reproductive phase plotted against temperature for each site by month. 
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More than 37,000 eggs were measured; the fewest eggs were observed at Cross 
Bayou with 6,025 (Table 14).  The median egg diameters for Alafia, Gandy, and Manatee 
sites followed a similar pattern throughout the study period that contrasted with 
observations for Cross Bayou and Salt Creek sites (Fig. 27).  Median egg diameters for 
Alafia, Gandy, and Manatee study sites ranged from 30 to 45 µm with the exception of 
early winter 2006 when egg diameters dropped to near 25 μm.  Overall mean egg 
diameters at these sites were very similar at 35-37 µm.  Median egg diameters at Cross 
Bayou and Salt Creek sites were typically <20 µm except for the occurrence of larger 
eggs at each site (Cross Bayou at 45 µm in April and Salt Creek at 24-26 µm in October-
November 2006). 
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Table 14. Egg diameter data for each site presented by month with overall totals; 
* denotes months when less than 50 eggs were observed per sample. 
Alafia Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 15.4 12.2 18.7 12.5 14.3 13.3 17.0 16.0 14.1 18.5 14.3 15.8 12.2
Max 77.0 76.4 80.4 86.5 77.3 84.3 104.3 99.8 81.2 56.6 62.1 72.7 104.3
Median 36.2 35.0 36.6 32.6 31.8 32.4 34.8 35.3 32.8 29.9 27.3 34.7 33.8
Mean 38.9 38.2 38.0 35.3 34.1 36.9 39.2 38.6 35.7 30.9 29.2 38.7 36.1
Standard Deviation 13.9 12.3 9.2 13.0 11.0 14.7 15.4 16.3 13.3 6.7 9.8 12.7 3.3
Number of Samples (n) 900 800 850 900 950 650 740* 750 550 140* 430* 575* 8235
Cross Bayou Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 9.5 12.1 16.6 4.3 5.6 6.8 10.7 6.2 8.9 9.9 7.8 6.1 4.3
Max 51.9 72.3 139.6 26.4 31.6 33.4 65.8 46.7 43.8 45.2 31.2 53.2 139.6
Median 18.8 22.6 45.1 10.6 12.8 13.3 24.1 15.4 14.9 17.7 11.3 15.0 15.2
Mean 20.2 25.6 51.2 11.5 15.6 16.1 24.6 17.6 16.8 19.9 13.2 18.3 20.9
Standard Deviation 6.6 6.2 23.4 4.0 5.5 5.3 6.1 6.3 6.3 6.7 5.8 7.2 10.4
Number of Samples (n) 400 450 500 500 435* 690* 635* 450 650 440* 175* 700 6025
Gandy Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 10.9 13.1 11.6 17.0 16.1 16.7 19.2 20.7 14.6 10.6 8.9 11.2 8.9
Max 80.7 81.2 101.6 76.9 91.3 79.2 66.8 64.6 68.1 67.7 56.3 57.2 101.6
Median 32.1 35.4 36.8 39.4 40.6 39.5 37.0 35.8 35.3 33.2 26.4 28.7 35.6
Mean 34.7 38.1 39.7 40.4 42.1 42.6 37.9 36.1 36.5 33.8 29.6 32.5 37.0
Standard Deviation 14.1 13.2 14.3 11.2 10.6 9.8 8.0 8.4 7.6 8.2 12.3 10.2 3.9
Number of Samples (n) 1200 700 750 900 800 550 700 500 680* 440* 460* 480* 8160
Manatee Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 15.7 14.7 18.0 13.9 10.4 12.8 11.6 9.9 10.3 9.1 12.3 21.4 9.1
Max 94.3 85.2 80.6 60.9 80.8 82.5 85.8 78.1 73.2 68.7 65.7 53.1 94.3
Median 43.9 39.2 43.3 34.2 31.3 33.4 34.5 32.1 29.2 24.6 23.7 35.2 33.8
Mean 45.8 42.1 43.8 34.5 33.8 35.6 36.8 35.6 29.3 25.6 24.2 35.2 35.2
Standard Deviation 16.7 15.7 11.9 8.5 11.2 9.8 9.3 7.7 8.3 9.1 10.7 6.0 6.7
Number of Samples (n) 600 400 650 695* 1050 650 500 700 730* 450 635* 550* 7610
Salt Creek Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Overall
Min 5.7 6.0 6.1 9.3 3.8 4.5 3.0 3.3 6.9 8.4 7.3 9.2 3.0
Max 40.6 38.7 35.0 43.4 40.6 43.6 33.1 37.6 45.0 56.5 39.3 45.3 56.5
Median 17.9 15.6 16.9 19.3 11.1 14.3 11.5 13.6 24.1 26.4 15.2 18.4 16.3
Mean 18.4 16.7 18.5 20.3 12.3 14.8 13.1 15.1 26.5 27.2 16.9 18.9 18.2
Standard Deviation 6.7 5.6 6.7 5.6 5.5 5.7 6.5 6.1 7.4 11.7 7.2 8.9 4.7
Number of Samples (n) 650 550 400 700 820* 500* 585* 650 850 470* 550* 400 7125  
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Figure 27. Median egg diameter for each site by month. 
 
4.6 Comparisons and Statistical Analyses 
Median Dermo intensity data were compared to median reproductive phase data 
(Fig. 28).  Only the data from the Alafia site showed a negative correlation with a R
2
 
value of 0.17; at the other sites, there was no apparent relationship between Dermo 
intensity and reproductive phase.  Median Dermo intensity was also compared to median 
egg diameter (Fig. 29); no apparent correlation existed between factors at any site.  In 
contrast, when median Dermo intensity was compared to median Condition Index, an 
inverse relationship was evident, especially for Cross Bayou data (Fig. 30).  Both 
parameters were evaluated through regression, which demonstrated that all sites except 
for Manatee shared a significant negative correlation at the 0.05 level (Table 15).  Results 
showed that Dermo prevalence also shared an inverse relationship with median Condition 
Index (Fig. 31).  These parameters were also evaluated using regression, which showed 
that the relationship was significant overall but not at Manatee and Salt Creek where site 
data were analyzed alone (Table 16).  Median Dermo intensity was then compared to 
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Dermo prevalence; all sites showed a positive correlation between those parameters (Fig. 
32).  A smoothed curvilinear line was fit to the graph, using the sum of of squares of 
residual data and translating the x-axis to −0.05.  
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Figure 28. Median reproductive phase versus median Dermo intensity for all sites from 
February 2006 to January 2007.  Alafia regression (y = −0.34x + 3.6). 
 
 
0.0
5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
0 1 2 3 4 5
M
e
d
ia
n
 E
g
g
 D
ia
m
e
te
r
 (
µ
m
)
Median Dermo Intensity
Alafia
Cross Bayou
Gandy
Manatee
Salt Creek
 
Figure 29. Median egg diameter versus median Dermo intensity for all sites from 
February 2006 to January 2007. 
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Figure 30. Median Condition Index versus median Dermo intensity for all sites from 
February 2006 to January 2007.  Regression line (y = −2.74x+17.1) fit to data. 
 
 
Table 15. Regression data for median Condition Index and Dermo intensity for all sites. 
Site R
2
 value Significance N Intercept Coeff. of X
Alafia 0.638 0.002 12 22.9 -5.82
Cross Bayou 0.628 0.002 12 19.4 -3.05
Gandy 0.554 0.006 12 15.7 -2.56
Manatee 0.010 0.762 12 13.6 -0.44
Salt Creek 0.367 0.037 12 17.0 -2.85
Overall 0.376 1.92E-07 60 17.1 -2.74  
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Figure 31. Median Condition Index versus Dermo prevalence for all sites from February 
2006 to January 2007.  Regression line (y = −0.13x+22) fit to data. 
 
 
Table 16. Regression data for median Condition Index and Dermo prevalence for all 
sites. 
Site R
2
 value Significance N Intercept Coeff. of X
Alafia 0.507 0.009 12 37.0 -0.31
Cross Bayou 0.579 0.004 12 28.3 -0.20
Gandy 0.610 0.003 12 21.0 -0.13
Manatee 0.124 0.262 12 17.0 -0.07
Salt Creek 0.016 0.695 12 17.3 -0.02
Overall 0.274 1.76E-05 60 22.0 -0.13  
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Figure 32. Median Dermo prevalence versus median Dermo intensity for all sites from 
February 2006 to January 2007; smoothed curvilinear line fit to data. 
 
The combined data sets were analyzed using Multi-Dimensional Scaling (MDS) 
procedures.  Based upon median shell height, CI, Dermo intensity, Dermo prevalence, 
and reproductive phase, as well as numbers of females and numbers of undifferentiated 
(undetermined sex), and median egg diameters, the resulting MDS plot illustrated a 
strong grouping of the Alafia, Gandy and Manatee sites throughout the year of sampling. 
The Salt Creek site separated from the other sites for every month, falling somewhat 
between the Alafia-Gandy-Manatee group and the distinctly scattered Cross Bayou sites 
(Fig. 33).  The MDS plot was overlaid with an oyster shell height dendrogram and a 
mean egg diameter dendrogram, respectively (Fig. 34, 35), partly accounting for the 
similarity of the Cross Bayou and Salt Creek sites. 
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Figure 33.  MDS plot showing the similarities and differences among sites.  All Alafia 
(A#), Gandy (G#) and Manatee (M#) sites occur in the red circle, all Salt Creek (S#) sites 
are outlined in green, and most of the Cross Bayou (C#) sites are outlined in blue (# = 
sample month). 
 
 
Figure 34. MDS plot overlaid with median oyster shell height data, showing the 
similarities among sites.  Groups sharing similar shell heights and having a resemblance 
of at least 80% are outlined in green. Abbreviations as in Figure 33. 
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Figure 35. MDS plot overlaid with median egg diameter data, showing the similarities 
between Cross Bayou and Salt Creek sites versus the other three sites.  Groups sharing 
similar egg diameters and having a resemblance of at least 80% are outlined in green. 
Abbreviations as in Figure 33. 
 
 
5.  DISCUSSION 
Crassostrea virginica is defined as a “keystone” species in many coastal 
ecosystems (NOAA, 1998) because they promote higher species diversity, higher faunal 
abundance, and provide essential fish habitat (Kennedy, 1996).  Oyster reefs can increase 
water clarity and limit phytoplankton growth while providing living bulkheads to reduce 
shoreline erosion (Coen et al., 1999). 
Oyster reefs are disappearing due to past over-harvesting, non-point source 
pollution, and disease (NOAA, 1991; Ford and Tripp, 1996; Beck et al., 2011).  Beck et 
al. (2011) compared historical and current abundance data and estimated that 85% of 
oyster reefs globally have been lost.  The condition of oyster reefs in Apalachicola Bay 
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was classified as fair with 50-89% of habitat lost.  Florida’s commercial shellfish industry 
collapsed between 1967 and 1971 (NOAA, 1991). 
The eastern oyster filter feeds, thereby assimilating approximately 70% of the 
organic material filtered (Newell, 1988).  Oysters have been studied as environmental 
monitors for two decades due to their ability to bioaccumulate toxic metals and lipophilic 
compounds (Capuzzo, 1996).  In Florida, one pathogen, Perkinsus marinus, was 
considered to be responsible for 50-100% of annual mortality rates (Quick and Mackin, 
1971). 
Many studies have been undertaken in the northeastern states, but fewer studies 
have been performed to document the occurrence of pathogens, such as P. marinus, in the 
southeastern states.  This project provides information that can be vital to oyster 
restoration projects.  As more information is collected for the Tampa Bay oyster reefs, 
restoration programs can focus their efforts on building oyster reefs in environments that 
will support oyster recruitment, growth, and reproduction.  The goal of this project was to 
relate condition of the entire oyster and its gonads with the prevalence and intensity of P. 
marinus (Dermo) and thereby to assess the health of oysters at a variety of sites in Tampa 
Bay, representing a range of natural and anthropogenic influences. 
Water temperature and salinity are commonly considered to be important factors 
in determining oyster health and reproduction.  The eastern oyster can tolerate a wide 
range of temperatures from 0 to 35°C and is affected more by the rate of change of 
temperature than by temperature itself.  If temperatures increase slowly, then the oyster 
can survive in higher temperatures for longer periods of time (Shumway, 1996).  Among 
the Tampa Bay sites, water temperatures increased from mid teens to low 30s over the six 
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month period from February to July 2006, and then decreased back to mid teens in the 
fall and winter. Thus, temperatures varied with season, but no direct correlations were 
found between temperature and the oyster parameters assessed and no differences were 
observed across sites.  Also, all median CIs greater than 20 and an overwhelming 
majority of Dermo intensities equal to 0 occurred in the 20-30°C temperature range. 
The locations of the study sites with respect to freshwater influence were 
important in representing Tampa Bay’s oyster population.  Crassostrea virginica appears 
to have a higher tolerance for salinity variation than many other oyster species (Berquist 
et al., 2006).  The eastern oyster thrives in salinities from 10 to 30 ppt but will decline in 
health if salinities drop below 5 ppt for extended periods (Shumway, 1996).  Studies have 
shown a wide range of salinities in Tampa Bay from low teens to low 30s (Tolley et al., 
2005).  The Alafia site experienced the greatest seasonal variability with the lowest 
salinity of 12 ppt compared to the Cross Bayou site, where the highest salinity of 33 ppt 
was recorded.  Salinity exhibited patterns associated with seasonal differences throughout 
the study period, increasing in the spring and decreasing during the summer rainy season. 
No significant associations between salinity and the oyster parameters were specifically 
revealed in this study, although Cross Bayou had the highest salinities and the smallest 
oysters with the smallest eggs. 
Each of the oyster parameters was analyzed to determine if a significant 
difference could be found among sites.  Overall median oyster shell height ranged from 
44 to 57 mm (Table 17) with the lowest median shell heights found at Cross Bayou.  This 
site is located on a scarcely populated oyster bed that has very limited tidal exchange 
whereas each of the other sites is open to larger bodies of water.  The smaller shell 
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heights, along with high prevalence of Dermo and small egg diameters, at the Cross 
Bayou site support previous reports that restricted water flow has significant impacts on 
oyster growth and reproduction (Arnold et al., 2008).  Restricted water flow can reduce 
or eliminate oyster reefs by decreasing available food supplies, lowering oxygen levels 
thereby increasing susceptibility to diseases, and allowing oyster beds to be buried by 
sediments (Berrigan et al., 1991). 
 
Table 17.  Summary of site interactions, ranks for each parameter, and overall median 
data for each parameter for each site; (L) Shell Height (mm), (CI) Condition Index, (DI) 
Dermo Intensity, (DP) Dermo Prevalence (%), (R) Reproductive Phase, (ED) Egg 
Diameter (µm). 
L CI DI DP R ED
Alafia High High Low 3 5 4.5 5 2.5 2.5 54.3 10.7 1.3 75.0 3.0 33.8
Manatee Moderate High Low 4 2 1 1 2.5 2.5 53.6 13.3 0.3 48.3 3.0 33.8
Gandy Low High Moderate 2 4 3 3 2.5 1 55.6 11.2 1.0 66.7 3.0 35.6
Salt Creek Moderate Moderate High 1 1 2 2 2.5 4 57.1 13.5 0.5 51.7 3.0 16.3
Cross Bayou Moderate Low High 5 3 4.5 4 5 5 43.8 12.2 1.3 71.7 2.0 15.2
Salinity 
Fluctuation
Exchange
Human 
Impact
L CI DI DP ED
Ranks
R
 
 
Three patterns for the Condition Index have been previously observed in Tampa 
Bay: a winter peak with a gradual decline through summer, a bimodal trend with late 
spring and early fall peaks, and a single mid-summer peak (Arnold et al., 2008).  Overall 
CI for the current study ranged from 10 to 14 (Table 17) and followed a bimodal pattern 
with peaks in late spring and late fall, but with no discernible differences among sites. 
Arnold et al. (2008) also observed high CIs in late spring and early summer, 
noting that increases in CI during the winter months could support early gametogenesis.  
In the present study, the second peak for CI occurred in the late autumn, which could 
support the aforementioned early gametogenesis.  In Wilson et al. (2005) and Drexler 
(2011), somewhat similar patterns were observed with high CIs occurring between 
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January and June and lows between July and October.  Condition Indices in Tampa Bay 
previously have been described as highly variable between sites and across months 
(Fisher et al., 1996).  The variability of CI can be explained, at least in part, by its 
relationship with reproduction and disease.  Condition Indices increased in late spring 
due to active reproduction and low Dermo intensity and decreased in late summer when 
oysters were overwhelmed with disease as well as reproduction.  Condition Indices once 
again rose in the late fall when spawning was complete, reproductive phases were 
approaching 5 (resting phase), and Dermo intensity was low.  
As mentioned previously, parasitic infections can drain a host of energy needed 
for growth and reproduction.  Exposure to P. marinus appears to impair condition and 
gametogenic processes in oysters but often is only expressed in oysters with high Dermo 
intensity levels (Shumway, 1996).  Perkinsus marinus is tolerant of a wide range of 
salinities (above 8 ppt) and temperatures (above 15°C) (Ford and Tripp, 1996).  Highest 
Dermo intensity levels are found in the summer when temperatures exceed 25°C, and 
indeed, the CI tended to be inversely related to Dermo intensity.  However, the bimodal 
patterns of CI, Dermo intensity, and Dermo prevalence suggest that temperature stress to 
oysters at both the high summer temperatures and cooler winter temperatures may favor 
development of Dermo.  The highest CIs overall and the lowest Dermo intensities and 
prevalences occurred in the spring and fall.    
Dermo intensity levels varied between sites and months, with levels from 0 to 5 in 
February 2006 and ending at or near 1 in January 2007.  Peaks of infection occurred in 
late winter for most sites and late summer for all sites.  All sites dropped to the 0 intensity 
level of infection in late spring and again in late autumn.  Overall median Dermo 
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infection levels ranged from 0.3 to 1.3 for all sites with the highest levels reached at the 
Cross Bayou site in August 2006.  In 1989, Craig et al. observed intensities between 1 
and 2, but recent studies have not reported intensity levels above 1 within Tampa Bay 
(Arnold et al., 2008; Drexler, 2011).  However, Arnold et al. (2008) speculated that the 
decreased salinity and resultant low Dermo intensities at their sites could have been 
caused by an active 2004/2005 hurricane season. 
Table 18.  Comparison of previous studies from Tampa Bay or the surrounding area with 
relevant historical Perkinsus marinus (Dermo) data; * denotes natural reef data as 
compared to all habitat data from Drexler (2011). 
Study Locations No. of Sites No. of Samples Dermo Prevalence Dermo Intensity
Ray (1966a) Tampa Bay 3 NA 27-93% 0.40-1.65
Craig et al. (1989) Tampa Bay 4 200 100% 1.00-2.00
Arnold et al.  (2008) Tampa Bay 3 500 >60% <1.00
Drexler (2011) Tampa Bay 6* 500* 59%* <1.00*
Mathers (present study) Tampa Bay 5 1800 48-75% 0.3-1.3
Wilson et al.  (2005) St. Lucie Estuary, FL 2 NA 0-100% NA
Fisher et al.  (1996) Apalachicola Bay 2 NA 100% NA
Quick and Mackin (1971) Florida NA 1100 56% 1.02  
Relevant historical oyster data was compiled in Table 18 for comparison of 
specific Dermo prevalence and intensities with this study.  Dermo maintained a 
prevalence of high 20s to high 90s at all sites throughout this study.  Prevalence declined 
to 10-20% in November 2006 but never reached 0% in any site.  Overall Dermo 
prevalence ranged from 48-75% (Table 17), which supported previously published 
prevalences of ~60% by Arnold et al. (2008) and Drexler (2011).  There was a positive 
correlation between intensity and prevalence and a negative correlation between 
prevalence and Condition Indices, corroborating the negative correlation that Craig et al. 
(1989) noted between Condition Index and Dermo intensity.  Thus, the highest intensities 
corresponded to the highest prevalence and lowest Condition Indices.  Perkinsus marinus 
remained active throughout the year in which the study was carried out. 
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Although prevalence of Dermo remained relatively high throughout this study, 
intensity levels decreased in late fall.  As noted by Thompson et al. (1996), the 
subsequent rise in Condition Indices may result from Dermo intensity decline and the 
storing of energy.  Energy reserves are used to supplement feeding in the winter months 
and to begin gametogenesis in the spring (Arnold et al., 2008).  Kennedy et al. (1995) 
speculated that oysters infected at low intensities by Dermo could divert energy from 
growth to reproduction and reported that no consistent deleterious effects of P. marinus 
on gametogenic processes were observed. 
To determine if deleterious effects of P. marinus could be observed in oysters 
from the Tampa Bay sites, reproduction was quantified using male to female percentages, 
reproductive phases, and egg diameters.  The eastern oyster is a protandric 
hermaphrodite, typically beginning life as a male and switching to female as it grows 
larger.  Therefore, all oysters exhibit hermaphroditic stages but not always 
simultaneously.  In this study, very few specimens exhibiting both male and female 
gonads were observed. Consistent with the smaller shell heights recorded at Cross Bayou, 
females were somewhat less common there, typically representing less than 40% of the 
specimens examined and never exceeding 50% (Fig. 16), as might be anticipated in 
protandric hermaphrodites.  No other strong trends in male to female percentages were 
noted, though females did tend to be more prevalent in spring and early summer at most 
sites, consistent with other parameters that indicate more reproduction in the first half of 
the year.  Overall, percentages of males and females did not seem to be affected by P. 
marinus. 
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All sites except Cross Bayou showed similar seasonal patterns for reproductive 
phases.  Arnold et al. (2008) described the reproductive cycle of the eastern oyster in 
Tampa Bay as very active in that it is initiated in the spring and continues throughout the 
year until most animals reach the resting phase (0) in the winter months.  The 
reproductive patterns observed in this study also are similar to those observed by Drexler 
(2011), who recorded low reproductive phases between November and March and highs 
between April and September.  No direct evidence of spawning was observed although 
indirect correlations among spawning, CI, and reproductive phases were noted for 
individual sites.  
Egg diameters were similar in the oysters from the Alafia, Gandy, and Manatee 
sites, with medians of 34-36 μm.  In contrast, median egg diameters from the Cross 
Bayou and Salt Creek sites were much smaller at 15 and 16 μm.  Smaller egg diameters 
at the Cross Bayou site could be associated, at least in part, with relatively high Dermo 
intensities as well as restricted current flow.  Infection can cause stress on the system, 
which reduces energetic reserves and causes a reduction in gamete production if the 
infection occurs before gametogenesis.  Infection can also result in reduction in yolk 
content when it occurs during the reproductive process (Thompson et al., 1996; Arnold et 
al., 2008).  Barber et al. (1996) observed that gametogenesis was characterized by a 
general lack of development, maturation, and spawning in C. virginica oysters when 
infected with Dermo and MSX.  However, oysters at the Salt Creek site were not affected 
by high levels of Dermo; and therefore, small egg diameters at this site must be attributed 
to other environmental factors. 
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The Multi-Dimensional Scaling (MDS) analyses generated two groups from the 
five sites: (1) Alafia, Gandy, and Manatee and (2) Cross Bayou and Salt Creek.  When 
the MDS plots were overlaid with similarity data generated by shell height and egg-
diameter dendrograms, the results indicated that those two parameters accounted for the 
strong similarities within the two sample groups. The very different values of prevalence 
and intensity of Dermo found between the Cross Bayou and Salt Creek sites indicate that 
other environmental conditions (e.g., food supply) must account for their similarities with 
respect to the parameters assessed. 
5.1.  Summary of Hypotheses 
The primary goal of this study was to assess prevalence and intensity of P. 
marinus (Dermo) across a range of sites in Tampa Bay and its effects on oyster CI and 
gametogenesis.  The overall prevalence of Dermo ranged from 48 to 75% with median 
intensity levels from 0.3 to 1.3.  Both prevalence and intensity exhibited bimodal 
seasonality during the study period; minima were recorded in late spring and late autumn 
with maxima in late winter and late summer. 
The first ancillary goal was to test the hypothesis that prevalence and intensity of 
Dermo are inversely correlated with Condition Index and egg diameters.  Indeed, CI 
bimodality was inversely related to Dermo prevalence and intensity, with significant 
inverse correlations.  Reproductive phases were not obviously affected by Dermo 
prevalence and intensity.  Egg diameters were lowest at the Cross Bayou and Salt Creek 
sites.  Reduced egg diameters at the Cross Bayou site could be associated with high levels 
of Dermo, but the Salt Creek site exhibited relatively low levels of Dermo throughout the 
year. 
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The second ancillary goal was to test the hypothesis that sites with minimal 
anthropogenic influence would show significantly higher Condition Indices and egg 
diameters with lower prevalence and intensity of Dermo as compared to impacted sites.  
Indeed, Alafia and Manatee sites grouped together as the lowest impacted sites, and 
Cross Bayou and Salt Creek sites grouped together as the highest impacted sites.  Even 
though the Salt Creek site was one of the most impacted sites, it was minimally affected 
by Dermo infections.  Results for CI and reproductive parameters at the Gandy site also 
were not fully explained by this hypothesis. 
Based on previous studies, I postulated that sites with strong tidal exchange would 
likely have healthier oyster populations than sites with restricted exchange.  The results 
of the Multi-Dimensional Scaling (MDS) analyses provided support for this hypothesis.  
For example, the similarity between the Gandy site and relatively pristine Alafia and 
Manatee sites may be related to strong tidal exchange at those sites.  Similarly, lack of 
circulation at the Cross Bayou site may account for the sparse oyster population, low 
oyster shell height, low Condition Index, high Dermo prevalence and intensity, and 
general poor condition.  Comparing the two impacted sites, the more active tidal 
exchange at Salt Creek as compared to Cross Bayou may partly account for the 
intermediate status of the Salt Creek oyster populations. 
The last goal was to determine whether MSX is affecting the health and 
reproduction of Tampa Bay oysters.  In fact, MSX was not found in the survey of 1800 
Tampa Bay oysters. 
Given the possibilities that pollution at the Salt Creek site and limited exchange at 
the Cross Bayou site are factors in the differences I observed between the oyster 
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populations at these sites and the Alafia, Gandy, and Manatee sites, future research 
should consider employing current meters and extensive water quality data to further 
elucidate the effects of P. marinus on the Tampa Bay oyster populations.  Future research 
could also include more sites near rivers to establish a clear role of salinity on oyster 
health. 
6.  CONCLUSIONS 
 Are diseases influencing oyster condition and reproduction?  MSX is not affecting 
these parameters since MSX plasmodia were not found in Tampa Bay (1800 samples).  
However, Dermo is affecting oysters in the study area.  The smallest oysters were 
consistently found at the Cross Bayou site, where the highest Dermo intensities were 
found.  Condition Indices exhibited a bimodal trend with peaks in late spring and late fall.  
Bimodality was also noted for both Dermo intensity and prevalence with peaks in late 
winter and late summer.  Condition Index was inversely correlated to Dermo intensity 
and prevalence.  Several other observations were noted from this study.  Cross Bayou and 
Salt Creek sites had the smallest egg diameters, which could not be fully attributed to 
Dermo intensity or prevalence, since the Salt Creek site did not exhibit high Dermo 
intensities.  Oyster reproduction is essentially continuous in Tampa Bay throughout most 
of the year until winter when most oysters enter the resting phase (5); no obvious 
synchronous spawning periods were observed in Tampa Bay.  Seasonality was significant 
for most parameters, thus oyster reefs with similar environmental conditions tend to share 
similar condition and reproduction indices. 
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8.  APPENDICES 
 
8.1 Appendix A: HSD-Tukey Tests
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Appendix A1. Tukey’s HSD post-hoc analysis test for shell height data for each site by month; shading shows significant differences. 
Critical Value: 10.04
Sites Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Alafia Feb 30 1749.9 58.33 0
Alafia Mar 30 1648.5 54.95 3.38 0
Alafia Apr 30 1572.1 52.40 5.93 2.55 0
Alafia May 30 1848.1 61.60 -3.27 -6.65 -9.20 0
Alafia Jun 30 1440.9 48.03 10.30 6.92 4.37 13.57 0.00
Alafia Jul 30 1692 56.40 1.93 -1.45 -4.00 5.20 -8.37 0.00
Alafia Aug 30 1622.5 54.08 4.25 0.87 -1.68 7.52 -6.05 2.32 0.00
Alafia Sep 30 1670.8 55.69 2.64 -0.74 -3.29 5.91 -7.66 0.71 -1.61 0.00
Alafia Oct 30 1650.2 55.01 3.32 -0.06 -2.60 6.60 -6.98 1.39 -0.92 0.69 0.00
Alafia Nov 30 1577.4 52.58 5.75 2.37 -0.18 9.02 -4.55 3.82 1.50 3.11 2.43 0.00
Alafia Dec 30 1617.4 53.91 4.42 1.04 -1.51 7.69 -5.88 2.49 0.17 1.78 1.09 -1.33 0.00
Alafia Jan 30 1726 57.53 0.80 -2.58 -5.13 4.07 -9.50 -1.13 -3.45 -1.84 -2.53 -4.95 -3.62 0.00
Cross Bayou Feb 30 1371.3 45.71 12.62 9.24 6.69 15.89 2.32 10.69 8.37 9.98 9.30 6.87 8.20 11.82 0.00
Cross Bayou Mar 30 1366.9 45.56 12.77 9.39 6.84 16.04 2.47 10.84 8.52 10.13 9.44 7.02 8.35 11.97 0.15 0.00
Cross Bayou Apr 30 1307.1 43.57 14.76 11.38 8.83 18.03 4.46 12.83 10.51 12.12 11.44 9.01 10.34 13.96 2.14 1.99 0.00
Cross Bayou May 30 1343.4 44.78 13.55 10.17 7.62 16.82 3.25 11.62 9.30 10.91 10.23 7.80 9.13 12.75 0.93 0.78 -1.21 0.00
Cross Bayou Jun 30 1297.5 43.25 15.08 11.70 9.15 18.35 4.78 13.15 10.83 12.44 11.76 9.33 10.66 14.28 2.46 2.31 0.32 1.53 0.00
Cross Bayou Jul 30 1315.2 43.84 14.49 11.11 8.56 17.76 4.19 12.56 10.24 11.85 11.17 8.74 10.07 13.69 1.87 1.72 -0.27 0.94 -0.59 0.00
Cross Bayou Aug 30 1394.7 46.49 11.84 8.46 5.91 15.11 1.54 9.91 7.59 9.20 8.52 6.09 7.42 11.04 -0.78 -0.93 -2.92 -1.71 -3.24 -2.65 0.00
Cross Bayou Sep 30 1369 45.63 12.70 9.32 6.77 15.97 2.40 10.77 8.45 10.06 9.37 6.95 8.28 11.90 0.08 -0.07 -2.06 -0.85 -2.38 -1.79 0.86 0.00
Cross Bayou Oct 30 1234.7 41.16 17.17 13.79 11.25 20.45 6.87 15.24 12.93 14.54 13.85 11.42 12.76 16.38 4.55 4.41 2.41 3.62 2.09 2.68 5.33 4.48 0.00
Cross Bayou Nov 30 1131.2 37.71 20.62 17.24 14.70 23.90 10.32 18.69 16.38 17.99 17.30 14.87 16.21 19.83 8.00 7.86 5.86 7.07 5.54 6.13 8.78 7.93 3.45 0.00
Cross Bayou Dec 30 1312.7 43.76 14.57 11.19 8.65 17.85 4.27 12.64 10.33 11.94 11.25 8.82 10.16 13.78 1.95 1.81 -0.19 1.02 -0.51 0.08 2.73 1.88 -2.60 -6.05 0.00
Cross Bayou Jan 30 1298.5 43.28 15.05 11.67 9.12 18.32 4.75 13.12 10.80 12.41 11.72 9.30 10.63 14.25 2.43 2.28 0.29 1.50 -0.03 0.56 3.21 2.35 -2.13 -5.58 0.47 0.00
Gandy Feb 30 1992.6 66.42 -8.09 -11.47 -14.02 -4.82 -18.39 -10.02 -12.34 -10.73 -11.41 -13.84 -12.51 -8.89 -20.71 -20.86 -22.85 -21.64 -23.17 -22.58 -19.93 -20.79 -25.26 -28.71 -22.66 -23.14 0.00
Gandy Mar 30 1676 55.87 2.46 -0.92 -3.46 5.74 -7.84 0.53 -1.78 -0.17 -0.86 -3.29 -1.95 1.67 -10.16 -10.30 -12.30 -11.09 -12.62 -12.03 -9.38 -10.23 -14.71 -18.16 -12.11 -12.58 10.55 0.00
Gandy Apr 30 1756.7 58.56 -0.23 -3.61 -6.15 3.05 -10.53 -2.16 -4.47 -2.86 -3.55 -5.98 -4.64 -1.02 -12.85 -12.99 -14.99 -13.78 -15.31 -14.72 -12.07 -12.92 -17.40 -20.85 -14.80 -15.27 7.86 -2.69 0.00
Gandy May 30 1514.9 50.50 7.83 4.45 1.91 11.11 -2.47 5.90 3.59 5.20 4.51 2.08 3.42 7.04 -4.79 -4.93 -6.93 -5.72 -7.25 -6.66 -4.01 -4.86 -9.34 -12.79 -6.74 -7.21 15.92 5.37 8.06 0.00
Gandy Jun 30 1680.4 56.01 2.32 -1.06 -3.61 5.59 -7.98 0.39 -1.93 -0.32 -1.01 -3.43 -2.10 1.52 -10.30 -10.45 -12.44 -11.23 -12.76 -12.17 -9.52 -10.38 -14.86 -18.31 -12.26 -12.73 10.41 -0.15 2.54 -5.52 0.00
Gandy Jul 30 1663.8 55.46 2.87 -0.51 -3.06 6.14 -7.43 0.94 -1.38 0.23 -0.45 -2.88 -1.55 2.07 -9.75 -9.90 -11.89 -10.68 -12.21 -11.62 -8.97 -9.83 -14.30 -17.75 -11.70 -12.18 10.96 0.41 3.10 -4.96 0.55 0.00
Gandy Aug 30 1471.7 49.06 9.27 5.89 3.35 12.55 -1.03 7.34 5.03 6.64 5.95 3.52 4.86 8.48 -3.35 -3.49 -5.49 -4.28 -5.81 -5.22 -2.57 -3.42 -7.90 -11.35 -5.30 -5.77 17.36 6.81 9.50 1.44 6.96 6.40 0.00
Gandy Sep 30 1546.1 51.54 6.79 3.41 0.87 10.07 -3.51 4.86 2.55 4.16 3.47 1.04 2.38 6.00 -5.83 -5.97 -7.97 -6.76 -8.29 -7.70 -5.05 -5.90 -10.38 -13.83 -7.78 -8.25 14.88 4.33 7.02 -1.04 4.48 3.92 -2.48 0.00
Gandy Oct 30 1724.1 57.47 0.86 -2.52 -5.07 4.13 -9.44 -1.07 -3.39 -1.78 -2.46 -4.89 -3.56 0.06 -11.76 -11.91 -13.90 -12.69 -14.22 -13.63 -10.98 -11.84 -16.31 -19.76 -13.71 -14.19 8.95 -1.60 1.09 -6.97 -1.46 -2.01 -8.41 -5.93 0.00
Gandy Nov 30 1855.2 61.84 -3.51 -6.89 -9.44 -0.24 -13.81 -5.44 -7.76 -6.15 -6.83 -9.26 -7.93 -4.31 -16.13 -16.28 -18.27 -17.06 -18.59 -18.00 -15.35 -16.21 -20.68 -24.13 -18.08 -18.56 4.58 -5.97 -3.28 -11.34 -5.83 -6.38 -12.78 -10.30 -4.37 0.00
Gandy Dec 30 1725.8 57.53 0.80 -2.58 -5.12 4.08 -9.50 -1.13 -3.44 -1.83 -2.52 -4.95 -3.61 0.01 -11.82 -11.96 -13.96 -12.75 -14.28 -13.69 -11.04 -11.89 -16.37 -19.82 -13.77 -14.24 8.89 -1.66 1.03 -7.03 -1.51 -2.07 -8.47 -5.99 -0.06 4.31 0.00
Gandy Jan 30 1609 53.63 4.70 1.32 -1.23 7.97 -5.60 2.77 0.45 2.06 1.37 -1.05 0.28 3.90 -7.92 -8.07 -10.06 -8.85 -10.38 -9.79 -7.14 -8.00 -12.48 -15.93 -9.88 -10.35 12.79 2.23 4.92 -3.14 2.38 1.83 -4.58 -2.10 3.84 8.21 3.89 0.00
Manatee Feb 30 1640.8 54.69 3.64 0.26 -2.29 6.91 -6.66 1.71 -0.61 1.00 0.31 -2.11 -0.78 2.84 -8.98 -9.13 -11.12 -9.91 -11.44 -10.85 -8.20 -9.06 -13.54 -16.99 -10.94 -11.41 11.73 1.17 3.86 -4.20 1.32 0.77 -5.64 -3.16 2.78 7.15 2.83 -1.06 0.00
Manatee Mar 30 1822.8 60.76 -2.43 -5.81 -8.36 0.84 -12.73 -4.36 -6.68 -5.07 -5.75 -8.18 -6.85 -3.23 -15.05 -15.20 -17.19 -15.98 -17.51 -16.92 -14.27 -15.13 -19.60 -23.05 -17.00 -17.48 5.66 -4.89 -2.20 -10.26 -4.75 -5.30 -11.70 -9.22 -3.29 1.08 -3.23 -7.13 -6.07 0.00
Manatee Apr 30 1644.1 54.80 3.53 0.15 -2.40 6.80 -6.77 1.60 -0.72 0.89 0.20 -2.22 -0.89 2.73 -9.09 -9.24 -11.23 -10.02 -11.55 -10.96 -8.31 -9.17 -13.65 -17.10 -11.05 -11.52 11.62 1.06 3.75 -4.31 1.21 0.66 -5.75 -3.27 2.67 7.04 2.72 -1.17 -0.11 5.96 0.00
Manatee May 30 1407.8 46.93 11.40 8.02 5.48 14.68 1.10 9.47 7.16 8.77 8.08 5.65 6.99 10.61 -1.22 -1.36 -3.36 -2.15 -3.68 -3.09 -0.44 -1.29 -5.77 -9.22 -3.17 -3.64 19.49 8.94 11.63 3.57 9.09 8.53 2.13 4.61 10.54 14.91 10.60 6.71 7.77 13.83 7.88 0.00
Manatee Jun 30 1561.5 52.05 6.28 2.90 0.35 9.55 -4.02 4.35 2.03 3.64 2.96 0.53 1.86 5.48 -6.34 -6.49 -8.48 -7.27 -8.80 -8.21 -5.56 -6.42 -10.89 -14.34 -8.29 -8.77 14.37 3.82 6.51 -1.55 3.96 3.41 -2.99 -0.51 5.42 9.79 5.48 1.58 2.64 8.71 2.75 -5.12 0.00
Manatee Jul 30 1693 56.43 1.90 -1.48 -4.03 5.17 -8.40 -0.03 -2.35 -0.74 -1.43 -3.85 -2.52 1.10 -10.72 -10.87 -12.86 -11.65 -13.18 -12.59 -9.94 -10.80 -15.28 -18.73 -12.68 -13.15 9.99 -0.57 2.12 -5.94 -0.42 -0.97 -7.38 -4.90 1.04 5.41 1.09 -2.80 -1.74 4.33 -1.63 -9.51 -4.38 0.00
Manatee Aug 30 1660.5 55.35 2.98 -0.40 -2.95 6.25 -7.32 1.05 -1.27 0.34 -0.34 -2.77 -1.44 2.18 -9.64 -9.79 -11.78 -10.57 -12.10 -11.51 -8.86 -9.72 -14.19 -17.64 -11.59 -12.07 11.07 0.52 3.21 -4.85 0.66 0.11 -6.29 -3.81 2.12 6.49 2.18 -1.72 -0.66 5.41 -0.55 -8.42 -3.30 1.08 0.00
Manatee Sep 30 1567.5 52.25 6.08 2.70 0.15 9.35 -4.22 4.15 1.83 3.44 2.76 0.33 1.66 5.28 -6.54 -6.69 -8.68 -7.47 -9.00 -8.41 -5.76 -6.62 -11.09 -14.54 -8.49 -8.97 14.17 3.62 6.31 -1.75 3.76 3.21 -3.19 -0.71 5.22 9.59 5.28 1.38 2.44 8.51 2.55 -5.32 -0.20 4.18 3.10 0.00
Manatee Oct 30 1744.8 58.16 0.17 -3.21 -5.76 3.44 -10.13 -1.76 -4.08 -2.47 -3.15 -5.58 -4.25 -0.63 -12.45 -12.60 -14.59 -13.38 -14.91 -14.32 -11.67 -12.53 -17.00 -20.45 -14.40 -14.88 8.26 -2.29 0.40 -7.66 -2.15 -2.70 -9.10 -6.62 -0.69 3.68 -0.63 -4.53 -3.47 2.60 -3.36 -11.23 -6.11 -1.73 -2.81 -5.91 0.00
Manatee Nov 30 1515.4 50.51 7.82 4.44 1.89 11.09 -2.48 5.89 3.57 5.18 4.49 2.07 3.40 7.02 -4.80 -4.95 -6.94 -5.73 -7.26 -6.67 -4.02 -4.88 -9.36 -12.81 -6.76 -7.23 15.91 5.35 8.04 -0.02 5.50 4.95 -1.46 1.02 6.96 11.33 7.01 3.12 4.18 10.25 4.29 -3.59 1.54 5.92 4.84 1.74 7.65 0.00
Manatee Dec 30 1785.8 59.53 -1.20 -4.58 -7.12 2.08 -11.50 -3.13 -5.44 -3.83 -4.52 -6.95 -5.61 -1.99 -13.82 -13.96 -15.96 -14.75 -16.28 -15.69 -13.04 -13.89 -18.37 -21.82 -15.77 -16.24 6.89 -3.66 -0.97 -9.03 -3.51 -4.07 -10.47 -7.99 -2.06 2.31 -2.00 -5.89 -4.83 1.23 -4.72 -12.60 -7.48 -3.09 -4.18 -7.28 -1.37 -9.01 0.00
Manatee Jan 30 1633.2 54.44 3.89 0.51 -2.04 7.16 -6.41 1.96 -0.36 1.25 0.57 -1.86 -0.53 3.09 -8.73 -8.88 -10.87 -9.66 -11.19 -10.60 -7.95 -8.81 -13.28 -16.73 -10.68 -11.16 11.98 1.43 4.12 -3.94 1.57 1.02 -5.38 -2.90 3.03 7.40 3.09 -0.81 0.25 6.32 0.36 -7.51 -2.39 1.99 0.91 -2.19 3.72 -3.93 5.09 0.00
Salt Creek Feb 30 2042.2 68.07 -9.74 -13.12 -15.67 -6.47 -20.04 -11.67 -13.99 -12.38 -13.07 -15.49 -14.16 -10.54 -22.36 -22.51 -24.50 -23.29 -24.82 -24.23 -21.58 -22.44 -26.92 -30.37 -24.32 -24.79 -1.65 -12.21 -9.52 -17.58 -12.06 -12.61 -19.02 -16.54 -10.60 -6.23 -10.55 -14.44 -13.38 -7.31 -13.27 -21.15 -16.02 -11.64 -12.72 -15.82 -9.91 -17.56 -8.55 -13.63 0.00
Salt Creek Mar 30 1768.4 58.95 -0.62 -4.00 -6.54 2.66 -10.92 -2.55 -4.86 -3.25 -3.94 -6.37 -5.03 -1.41 -13.24 -13.38 -15.38 -14.17 -15.70 -15.11 -12.46 -13.31 -17.79 -21.24 -15.19 -15.66 7.47 -3.08 -0.39 -8.45 -2.93 -3.49 -9.89 -7.41 -1.48 2.89 -1.42 -5.31 -4.25 1.81 -4.14 -12.02 -6.90 -2.51 -3.60 -6.70 -0.79 -8.43 0.58 -4.51 9.13 0.00
Salt Creek Apr 30 1835.5 61.18 -2.85 -6.23 -8.78 0.42 -13.15 -4.78 -7.10 -5.49 -6.18 -8.60 -7.27 -3.65 -15.47 -15.62 -17.61 -16.40 -17.93 -17.34 -14.69 -15.55 -20.03 -23.48 -17.43 -17.90 5.24 -5.32 -2.63 -10.69 -5.17 -5.72 -12.13 -9.65 -3.71 0.66 -3.66 -7.55 -6.49 -0.42 -6.38 -14.26 -9.13 -4.75 -5.83 -8.93 -3.02 -10.67 -1.66 -6.74 6.89 -2.24 0.00
Salt Creek May 30 1337.3 44.58 13.75 10.37 7.83 17.03 3.45 11.82 9.51 11.12 10.43 8.00 9.34 12.96 1.13 0.99 -1.01 0.20 -1.33 -0.74 1.91 1.06 -3.42 -6.87 -0.82 -1.29 21.84 11.29 13.98 5.92 11.44 10.88 4.48 6.96 12.89 17.26 12.95 9.06 10.12 16.18 10.23 2.35 7.47 11.86 10.77 7.67 13.58 5.94 14.95 9.86 23.50 14.37 16.61 0.00
Salt Creek Jun 30 1419.3 47.31 11.02 7.64 5.09 14.29 0.72 9.09 6.77 8.38 7.70 5.27 6.60 10.22 -1.60 -1.75 -3.74 -2.53 -4.06 -3.47 -0.82 -1.68 -6.15 -9.60 -3.55 -4.03 19.11 8.56 11.25 3.19 8.70 8.15 1.75 4.23 10.16 14.53 10.22 6.32 7.38 13.45 7.49 -0.38 4.74 9.12 8.04 4.94 10.85 3.20 12.22 7.13 20.76 11.64 13.87 -2.73 0.00
Salt Creek Jul 30 1524 50.80 7.53 4.15 1.60 10.80 -2.77 5.60 3.28 4.89 4.21 1.78 3.11 6.73 -5.09 -5.24 -7.23 -6.02 -7.55 -6.96 -4.31 -5.17 -9.64 -13.09 -7.04 -7.52 15.62 5.07 7.76 -0.30 5.21 4.66 -1.74 0.74 6.67 11.04 6.73 2.83 3.89 9.96 4.00 -3.87 1.25 5.63 4.55 1.45 7.36 -0.29 8.73 3.64 17.27 8.15 10.38 -6.22 -3.49 0.00
Salt Creek Aug 30 1797.1 59.90 -1.57 -4.95 -7.50 1.70 -11.87 -3.50 -5.82 -4.21 -4.90 -7.32 -5.99 -2.37 -14.19 -14.34 -16.33 -15.12 -16.65 -16.06 -13.41 -14.27 -18.75 -22.20 -16.15 -16.62 6.52 -4.04 -1.35 -9.41 -3.89 -4.44 -10.85 -8.37 -2.43 1.94 -2.38 -6.27 -5.21 0.86 -5.10 -12.98 -7.85 -3.47 -4.55 -7.65 -1.74 -9.39 -0.38 -5.46 8.17 -0.96 1.28 -15.33 -12.59 -9.10 0.00
Salt Creek Sep 30 1719.7 57.32 1.01 -2.37 -4.92 4.28 -9.29 -0.92 -3.24 -1.63 -2.32 -4.74 -3.41 0.21 -11.61 -11.76 -13.75 -12.54 -14.07 -13.48 -10.83 -11.69 -16.17 -19.62 -13.57 -14.04 9.10 -1.46 1.23 -6.83 -1.31 -1.86 -8.27 -5.79 0.15 4.52 0.20 -3.69 -2.63 3.44 -2.52 -10.40 -5.27 -0.89 -1.97 -5.07 0.84 -6.81 2.20 -2.88 10.75 1.62 3.86 -12.75 -10.01 -6.52 2.58 0.00
Salt Creek Oct 30 1706 56.87 1.46 -1.92 -4.46 4.74 -8.84 -0.47 -2.78 -1.17 -1.86 -4.29 -2.95 0.67 -11.16 -11.30 -13.30 -12.09 -13.62 -13.03 -10.38 -11.23 -15.71 -19.16 -13.11 -13.58 9.55 -1.00 1.69 -6.37 -0.85 -1.41 -7.81 -5.33 0.60 4.97 0.66 -3.23 -2.17 3.89 -2.06 -9.94 -4.82 -0.43 -1.52 -4.62 1.29 -6.35 2.66 -2.43 11.21 2.08 4.32 -12.29 -9.56 -6.07 3.04 0.46 0.00
Salt Creek Nov 30 1860 62.00 -3.67 -7.05 -9.60 -0.40 -13.97 -5.60 -7.92 -6.31 -6.99 -9.42 -8.09 -4.47 -16.29 -16.44 -18.43 -17.22 -18.75 -18.16 -15.51 -16.37 -20.84 -24.29 -18.24 -18.72 4.42 -6.13 -3.44 -11.50 -5.99 -6.54 -12.94 -10.46 -4.53 -0.16 -4.47 -8.37 -7.31 -1.24 -7.20 -15.07 -9.95 -5.57 -6.65 -9.75 -3.84 -11.49 -2.47 -7.56 6.07 -3.05 -0.82 -17.42 -14.69 -11.20 -2.10 -4.68 -5.13 0.00
Salt Creek Dec 30 1821.3 60.71 -2.38 -5.76 -8.31 0.89 -12.68 -4.31 -6.63 -5.02 -5.70 -8.13 -6.80 -3.18 -15.00 -15.15 -17.14 -15.93 -17.46 -16.87 -14.22 -15.08 -19.55 -23.00 -16.95 -17.43 5.71 -4.84 -2.15 -10.21 -4.70 -5.25 -11.65 -9.17 -3.24 1.13 -3.18 -7.08 -6.02 0.05 -5.91 -13.78 -8.66 -4.28 -5.36 -8.46 -2.55 -10.20 -1.18 -6.27 7.36 -1.76 0.47 -16.13 -13.40 -9.91 -0.81 -3.39 -3.84 1.29 0.00
Salt Creek Jan 30 1832.4 61.08 -2.75 -6.13 -8.68 0.52 -13.05 -4.68 -7.00 -5.39 -6.07 -8.50 -7.17 -3.55 -15.37 -15.52 -17.51 -16.30 -17.83 -17.24 -14.59 -15.45 -19.92 -23.37 -17.32 -17.80 5.34 -5.21 -2.52 -10.58 -5.07 -5.62 -12.02 -9.54 -3.61 0.76 -3.55 -7.45 -6.39 -0.32 -6.28 -14.15 -9.03 -4.65 -5.73 -8.83 -2.92 -10.57 -1.55 -6.64 6.99 -2.13 0.10 -16.50 -13.77 -10.28 -1.18 -3.76 -4.21 0.92 -0.37 0.00
Salt Creek
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Appendix A2. Tukey’s HSD post-hoc analysis test for Condition Index data for each site by month. 
Critical Value: 8.52
Sites Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Alafia Feb 30 247.1 8.24 0.00
Alafia Mar 30 327.2 10.91 -2.67 0.00
Alafia Apr 30 460.9 15.36 -7.13 -4.46 0.00
Alafia May 30 921.3 30.71 -22.47 -19.80 -15.34 0.00
Alafia Jun 30 265.0 8.83 -0.60 2.07 6.53 21.87 0.00
Alafia Jul 30 303.2 10.11 -1.87 0.80 5.26 20.60 -1.27 0.00
Alafia Aug 30 344.4 11.48 -3.24 -0.57 3.88 19.23 -2.65 -1.37 0.00
Alafia Sep 30 290.3 9.68 -1.44 1.23 5.69 21.03 -0.84 0.43 1.80 0.00
Alafia Oct 30 358.0 11.93 -3.70 -1.03 3.43 18.78 -3.10 -1.83 -0.45 -2.26 0.00
Alafia Nov 30 606.0 20.20 -11.96 -9.29 -4.84 10.51 -11.37 -10.09 -8.72 -10.52 -8.27 0.00
Alafia Dec 30 883.9 29.46 -21.23 -18.56 -14.10 1.25 -20.63 -19.36 -17.98 -19.79 -17.53 -9.26 0.00
Alafia Jan 30 827.6 27.59 -19.35 -16.68 -12.22 3.12 -18.75 -17.48 -16.11 -17.91 -15.65 -7.39 1.88 0.00
Clam Bayou Feb 30 186.0 6.20 2.04 4.71 9.17 24.51 2.64 3.91 5.28 3.48 5.73 14.00 23.26 21.39 0.00
Clam Bayou Mar 30 414.4 13.81 -5.58 -2.91 1.55 16.90 -4.98 -3.71 -2.33 -4.14 -1.88 6.39 15.65 13.77 -7.61 0.00
Clam Bayou Apr 30 496.1 16.54 -8.30 -5.63 -1.17 14.17 -7.70 -6.43 -5.06 -6.86 -4.60 3.66 12.93 11.05 -10.34 -2.72 0.00
Clam Bayou May 30 288.9 9.63 -1.39 1.28 5.73 21.08 -0.80 0.48 1.85 0.05 2.30 10.57 19.83 17.96 -3.43 4.18 6.91 0.00
Clam Bayou Jun 30 715.0 23.83 -15.60 -12.93 -8.47 6.87 -15.00 -13.73 -12.35 -14.16 -11.90 -3.63 5.63 3.75 -17.64 -10.02 -7.30 -14.20 0.00
Clam Bayou Jul 30 543.4 18.11 -9.88 -7.21 -2.75 12.60 -9.28 -8.01 -6.63 -8.44 -6.18 2.09 11.35 9.47 -11.91 -4.30 -1.58 -8.48 5.72 0.00
Clam Bayou Aug 30 336.2 11.21 -2.97 -0.30 4.16 19.50 -2.37 -1.10 0.27 -1.53 0.73 8.99 18.26 16.38 -5.01 2.61 5.33 -1.58 12.63 6.91 0.00
Clam Bayou Sep 30 317.0 10.57 -2.33 0.34 4.80 20.14 -1.73 -0.46 0.91 -0.89 1.37 9.63 18.90 17.02 -4.37 3.25 5.97 -0.94 13.27 7.55 0.64 0.00
Clam Bayou Oct 30 529.7 17.66 -9.42 -6.75 -2.29 13.05 -8.82 -7.55 -6.18 -7.98 -5.72 2.54 11.81 9.93 -11.46 -3.84 -1.12 -8.03 6.18 0.46 -6.45 -7.09 0.00
Clam Bayou Nov 30 676.2 22.54 -14.30 -11.63 -7.18 8.17 -13.71 -12.43 -11.06 -12.86 -10.61 -2.34 6.92 5.05 -16.34 -8.73 -6.00 -12.91 1.29 -4.43 -11.33 -11.97 -4.88 0.00
Clam Bayou Dec 30 775.9 25.86 -17.63 -14.96 -10.50 4.84 -17.03 -15.76 -14.38 -16.19 -13.93 -5.66 3.60 1.72 -19.66 -12.05 -9.33 -16.23 -2.03 -7.75 -14.66 -15.30 -8.21 -3.32 0.00
Clam Bayou Jan 30 498.0 16.60 -8.36 -5.69 -1.24 14.11 -7.77 -6.49 -5.12 -6.92 -4.67 3.60 12.86 10.99 -10.40 -2.79 -0.06 -6.97 7.23 1.51 -5.39 -6.03 1.06 5.94 9.26 0.00
Gandy Feb 30 254.1 8.47 -0.23 2.44 6.90 22.24 0.36 1.64 3.01 1.21 3.46 11.73 20.99 19.12 -2.27 5.34 8.07 1.16 15.36 9.64 2.74 2.10 9.19 14.07 17.39 8.13 0.00
Gandy Mar 30 330.8 11.03 -2.79 -0.12 4.34 19.68 -2.19 -0.92 0.45 -1.35 0.91 9.17 18.44 16.56 -4.83 2.79 5.51 -1.40 12.81 7.09 0.18 -0.46 6.63 11.51 14.84 5.57 -2.56 0.00
Gandy Apr 30 362.9 12.10 -3.86 -1.19 3.27 18.61 -3.26 -1.99 -0.61 -2.42 -0.16 8.10 17.37 15.49 -5.90 1.72 4.44 -2.46 11.74 6.02 -0.89 -1.53 5.56 10.44 13.77 4.50 -3.63 -1.07 0.00
Gandy May 30 481.0 16.03 -7.80 -5.13 -0.67 14.67 -7.20 -5.93 -4.55 -6.36 -4.10 4.17 13.43 11.55 -9.84 -2.22 0.50 -6.40 7.80 2.08 -4.83 -5.47 1.62 6.51 9.83 0.57 -7.57 -5.01 -3.94 0.00
Gandy Jun 30 297.6 9.92 -1.68 0.99 5.45 20.79 -1.08 0.19 1.56 -0.24 2.01 10.28 19.54 17.67 -3.72 3.89 6.62 -0.29 13.91 8.19 1.29 0.65 7.74 12.62 15.94 6.68 -1.45 1.11 2.18 6.12 0.00
Gandy Jul 30 336.7 11.22 -2.99 -0.32 4.14 19.49 -2.39 -1.12 0.26 -1.55 0.71 8.98 18.24 16.36 -5.02 2.59 5.31 -1.59 12.61 6.89 -0.02 -0.66 6.43 11.32 14.64 5.38 -2.75 -0.20 0.87 4.81 -1.30 0.00
Gandy Aug 30 400.1 13.34 -5.10 -2.43 2.03 17.37 -4.50 -3.23 -1.86 -3.66 -1.40 6.86 16.13 14.25 -7.14 0.48 3.20 -3.71 10.50 4.78 -2.13 -2.77 4.32 9.20 12.53 3.26 -4.87 -2.31 -1.24 2.70 -3.42 -2.11 0.00
Gandy Sep 30 364.3 12.14 -3.91 -1.24 3.22 18.57 -3.31 -2.04 -0.66 -2.47 -0.21 8.06 17.32 15.44 -5.94 1.67 4.39 -2.51 11.69 5.97 -0.94 -1.58 5.51 10.40 13.72 4.46 -3.67 -1.12 -0.05 3.89 -2.22 -0.92 1.19 0.00
Gandy Oct 30 418.6 13.95 -5.72 -3.05 1.41 16.76 -5.12 -3.85 -2.47 -4.28 -2.02 6.25 15.51 13.63 -7.75 -0.14 2.58 -4.32 9.88 4.16 -2.75 -3.39 3.70 8.59 11.91 2.65 -5.48 -2.93 -1.86 2.08 -4.03 -2.73 -0.62 -1.81 0.00
Gandy Nov 30 498.8 16.63 -8.39 -5.72 -1.26 14.08 -7.79 -6.52 -5.15 -6.95 -4.69 3.57 12.84 10.96 -10.43 -2.81 -0.09 -7.00 7.21 1.49 -5.42 -6.06 1.03 5.91 9.24 -0.03 -8.16 -5.60 -4.53 -0.59 -6.71 -5.40 -3.29 -4.48 -2.67 0.00
Gandy Dec 30 598.0 19.93 -11.70 -9.03 -4.57 10.78 -11.10 -9.83 -8.45 -10.26 -8.00 0.27 9.53 7.65 -13.73 -6.12 -3.40 -10.30 3.90 -1.82 -8.73 -9.37 -2.28 2.61 5.93 -3.33 -11.46 -8.91 -7.84 -3.90 -10.01 -8.71 -6.60 -7.79 -5.98 -3.31 0.00
Gandy Jan 30 655.3 21.84 -13.61 -10.94 -6.48 8.87 -13.01 -11.74 -10.36 -12.17 -9.91 -1.64 7.62 5.74 -15.64 -8.03 -5.31 -12.21 1.99 -3.73 -10.64 -11.28 -4.19 0.70 4.02 -5.24 -13.37 -10.82 -9.75 -5.81 -11.92 -10.62 -8.51 -9.70 -7.89 -5.22 -1.91 0.00
Manatee Feb 30 293.0 9.77 -1.53 1.14 5.60 20.94 -0.93 0.34 1.71 -0.09 2.17 10.43 19.70 17.82 -3.57 4.05 6.77 -0.14 14.07 8.35 1.44 0.80 7.89 12.77 16.10 6.83 -1.30 1.26 2.33 6.27 0.15 1.46 3.57 2.38 4.19 6.86 10.17 12.08 0.00
Manatee Mar 30 291.3 9.71 -1.47 1.20 5.65 21.00 -0.88 0.40 1.77 -0.03 2.22 10.49 19.75 17.88 -3.51 4.10 6.83 -0.08 14.12 8.40 1.50 0.86 7.95 12.83 16.15 6.89 -1.24 1.32 2.39 6.32 0.21 1.51 3.63 2.43 4.24 6.92 10.22 12.13 0.06 0.00
Manatee Apr 30 489.8 16.33 -8.09 -5.42 -0.96 14.38 -7.49 -6.22 -4.84 -6.65 -4.39 3.87 13.14 11.26 -10.13 -2.51 0.21 -6.69 7.51 1.79 -5.12 -5.76 1.33 6.21 9.54 0.27 -7.86 -5.30 -4.23 -0.29 -6.41 -5.10 -2.99 -4.18 -2.37 0.30 3.61 5.52 -6.56 -6.62 0.00
Manatee May 30 481.8 16.06 -7.82 -5.15 -0.70 14.65 -7.23 -5.95 -4.58 -6.38 -4.13 4.14 13.40 11.53 -9.86 -2.25 0.48 -6.43 7.77 2.05 -4.85 -5.49 1.60 6.48 9.80 0.54 -7.59 -5.03 -3.97 -0.03 -6.14 -4.84 -2.72 -3.92 -2.11 0.57 3.87 5.78 -6.29 -6.35 0.26 0.00
Manatee Jun 30 519.1 17.30 -9.07 -6.40 -1.94 13.41 -8.47 -7.20 -5.82 -7.63 -5.37 2.90 12.16 10.29 -11.10 -3.49 -0.77 -7.67 6.53 0.81 -6.10 -6.74 0.35 5.24 8.56 -0.70 -8.83 -6.28 -5.21 -1.27 -7.38 -6.08 -3.97 -5.16 -3.35 -0.68 2.63 4.54 -7.54 -7.59 -0.98 -1.24 0.00
Manatee Jul 30 287.2 9.57 -1.34 1.33 5.79 21.14 -0.74 0.53 1.91 0.10 2.36 10.63 19.89 18.01 -3.37 4.24 6.96 0.06 14.26 8.54 1.63 0.99 8.08 12.97 16.29 7.03 -1.10 1.45 2.52 6.46 0.35 1.65 3.76 2.57 4.38 7.05 10.36 12.27 0.19 0.14 6.75 6.49 7.73 0.00
Manatee Aug 30 348.2 11.61 -3.37 -0.70 3.76 19.10 -2.77 -1.50 -0.12 -1.93 0.33 8.59 17.86 15.98 -5.41 2.21 4.93 -1.97 12.23 6.51 -0.40 -1.04 6.05 10.93 14.26 4.99 -3.14 -0.58 0.49 4.43 -1.69 -0.38 1.73 0.54 2.35 5.02 8.33 10.24 -1.84 -1.90 4.72 4.46 5.70 -2.03 0.00
Manatee Sep 30 269.7 8.99 -0.75 1.92 6.37 21.72 -0.16 1.12 2.49 0.69 2.94 11.21 20.47 18.60 -2.79 4.82 7.55 0.64 14.84 9.12 2.22 1.58 8.67 13.55 16.87 7.61 -0.52 2.04 3.11 7.04 0.93 2.23 4.35 3.15 4.96 7.64 10.94 12.85 0.78 0.72 7.34 7.07 8.31 0.58 2.62 0.00
Manatee Oct 30 384.2 12.81 -4.57 -1.90 2.56 17.90 -3.97 -2.70 -1.33 -3.13 -0.87 7.39 16.66 14.78 -6.61 1.01 3.73 -3.18 11.03 5.31 -1.60 -2.24 4.85 9.73 13.06 3.79 -4.34 -1.78 -0.71 3.23 -2.89 -1.58 0.53 -0.66 1.15 3.82 7.13 9.04 -3.04 -3.10 3.52 3.25 4.50 -3.23 -1.20 -3.82 0.00
Manatee Nov 30 449.9 15.00 -6.76 -4.09 0.37 15.71 -6.16 -4.89 -3.52 -5.32 -3.06 5.20 14.47 12.59 -8.80 -1.18 1.54 -5.37 8.84 3.12 -3.79 -4.43 2.66 7.54 10.87 1.60 -6.53 -3.97 -2.90 1.04 -5.08 -3.77 -1.66 -2.85 -1.04 1.63 4.94 6.85 -5.23 -5.29 1.33 1.06 2.31 -5.42 -3.39 -6.01 -2.19 0.00
Manatee Dec 30 641.9 21.40 -13.16 -10.49 -6.03 9.31 -12.56 -11.29 -9.92 -11.72 -9.46 -1.20 8.07 6.19 -15.20 -7.58 -4.86 -11.77 2.44 -3.28 -10.19 -10.83 -3.74 1.14 4.47 -4.80 -12.93 -10.37 -9.30 -5.36 -11.48 -10.17 -8.06 -9.25 -7.44 -4.77 -1.46 0.45 -11.63 -11.69 -5.07 -5.34 -4.09 -11.82 -9.79 -12.41 -8.59 -6.40 0.00
Manatee Jan 30 579.5 19.32 -11.08 -8.41 -3.95 11.39 -10.48 -9.21 -7.84 -9.64 -7.38 0.88 10.15 8.27 -13.12 -5.50 -2.78 -9.69 4.52 -1.20 -8.11 -8.75 -1.66 3.22 6.55 -2.72 -10.85 -8.29 -7.22 -3.28 -9.40 -8.09 -5.98 -7.17 -5.36 -2.69 0.62 2.53 -9.55 -9.61 -2.99 -3.26 -2.01 -9.74 -7.71 -10.33 -6.51 -4.32 2.08 0.00
Salt Creek Feb 30 265.4 8.85 -0.61 2.06 6.52 21.86 -0.01 1.26 2.63 0.83 3.09 11.35 20.62 18.74 -2.65 4.97 7.69 0.78 14.99 9.27 2.36 1.72 8.81 13.69 17.02 7.75 -0.38 2.18 3.25 7.19 1.07 2.38 4.49 3.30 5.11 7.78 11.09 13.00 0.92 0.86 7.48 7.21 8.45 0.73 2.76 0.14 3.96 6.15 12.55 10.47 0.00
Salt Creek Mar 30 304.1 10.14 -1.90 0.77 5.23 20.57 -1.30 -0.03 1.34 -0.46 1.80 10.06 19.33 17.45 -3.94 3.68 6.40 -0.51 13.70 7.98 1.07 0.43 7.52 12.40 15.73 6.46 -1.67 0.89 1.96 5.90 -0.22 1.09 3.20 2.01 3.82 6.49 9.80 11.71 -0.37 -0.43 6.19 5.92 7.17 -0.56 1.47 -1.15 2.67 4.86 11.26 9.18 -1.29 0.00
Salt Creek Apr 30 432.9 14.43 -6.19 -3.52 0.94 16.28 -5.59 -4.32 -2.95 -4.75 -2.50 5.77 15.03 13.16 -8.23 -0.62 2.11 -4.80 9.40 3.68 -3.22 -3.86 3.23 8.11 11.43 2.17 -5.96 -3.40 -2.33 1.61 -4.51 -3.21 -1.09 -2.29 -0.48 2.20 5.50 7.41 -4.66 -4.72 1.90 1.63 2.87 -4.86 -2.82 -5.44 -1.62 0.57 6.97 4.89 -5.58 -4.29 0.00
Salt Creek May 30 812.6 27.09 -18.85 -16.18 -11.72 3.62 -18.25 -16.98 -15.61 -17.41 -15.15 -6.89 2.38 0.50 -20.89 -13.27 -10.55 -17.46 -3.25 -8.97 -15.88 -16.52 -9.43 -4.55 -1.22 -10.49 -18.62 -16.06 -14.99 -11.05 -17.17 -15.86 -13.75 -14.94 -13.13 -10.46 -7.15 -5.24 -17.32 -17.38 -10.76 -11.03 -9.79 -17.51 -15.48 -18.10 -14.28 -12.09 -5.69 -7.77 -18.24 -16.95 -12.66 0.00
Salt Creek Jun 30 597.6 19.92 -11.68 -9.01 -4.56 10.79 -11.09 -9.81 -8.44 -10.24 -7.99 0.28 9.54 7.67 -13.72 -6.11 -3.38 -10.29 3.91 -1.81 -8.71 -9.35 -2.26 2.62 5.94 -3.32 -11.45 -8.89 -7.82 -3.89 -10.00 -8.70 -6.58 -7.78 -5.97 -3.29 0.01 1.92 -10.15 -10.21 -3.59 -3.86 -2.62 -10.35 -8.32 -10.93 -7.11 -4.92 1.48 -0.60 -11.07 -9.78 -5.49 7.17 0.00
Salt Creek Jul 30 451.6 15.05 -6.82 -4.15 0.31 15.66 -6.22 -4.95 -3.57 -5.38 -3.12 5.15 14.41 12.53 -8.85 -1.24 1.48 -5.42 8.78 3.06 -3.85 -4.49 2.60 7.49 10.81 1.55 -6.58 -4.03 -2.96 0.98 -5.13 -3.83 -1.72 -2.91 -1.10 1.57 4.88 6.79 -5.29 -5.34 1.27 1.01 2.25 -5.48 -3.45 -6.06 -2.25 -0.06 6.34 4.26 -6.21 -4.92 -0.62 12.03 4.87 0.00
Salt Creek Aug 30 426.2 14.21 -5.97 -3.30 1.16 16.50 -5.37 -4.10 -2.73 -4.53 -2.27 5.99 15.26 13.38 -8.01 -0.39 2.33 -4.58 9.63 3.91 -3.00 -3.64 3.45 8.33 11.66 2.39 -5.74 -3.18 -2.11 1.83 -4.29 -2.98 -0.87 -2.06 -0.25 2.42 5.73 7.64 -4.44 -4.50 2.12 1.85 3.09 -4.63 -2.60 -5.22 -1.40 0.79 7.19 5.11 -5.36 -4.07 0.22 12.88 5.71 0.85 0.00
Salt Creek Sep 30 318.3 10.61 -2.37 0.30 4.75 20.10 -1.78 -0.50 0.87 -0.93 1.32 9.59 18.85 16.98 -4.41 3.20 5.93 -0.98 13.22 7.50 0.60 -0.04 7.05 11.93 15.25 5.99 -2.14 0.42 1.49 5.42 -0.69 0.61 2.73 1.53 3.34 6.02 9.32 11.23 -0.84 -0.90 5.72 5.45 6.69 -1.04 1.00 -1.62 2.20 4.39 10.79 8.71 -1.76 -0.47 3.82 16.48 9.31 4.44 3.60 0.00
Salt Creek Oct 30 383.0 12.77 -4.53 -1.86 2.60 17.94 -3.93 -2.66 -1.29 -3.09 -0.83 7.43 16.70 14.82 -6.57 1.05 3.77 -3.14 11.07 5.35 -1.56 -2.20 4.89 9.77 13.10 3.83 -4.30 -1.74 -0.67 3.27 -2.85 -1.54 0.57 -0.62 1.19 3.86 7.17 9.08 -3.00 -3.06 3.56 3.29 4.54 -3.19 -1.16 -3.78 0.04 2.23 8.63 6.55 -3.92 -2.63 1.66 14.32 7.15 2.29 1.44 -2.16 0.00
Salt Creek Nov 30 435.1 14.50 -6.27 -3.60 0.86 16.21 -5.67 -4.40 -3.02 -4.83 -2.57 5.70 14.96 13.08 -8.30 -0.69 2.03 -4.87 9.33 3.61 -3.30 -3.94 3.15 8.04 11.36 2.10 -6.03 -3.48 -2.41 1.53 -4.58 -3.28 -1.17 -2.36 -0.55 2.12 5.43 7.34 -4.74 -4.79 1.82 1.56 2.80 -4.93 -2.90 -5.51 -1.70 0.49 6.89 4.81 -5.66 -4.37 -0.07 12.58 5.42 0.55 -0.30 -3.89 -1.74 0.00
Salt Creek Dec 30 603.1 20.10 -11.87 -9.20 -4.74 10.61 -11.27 -10.00 -8.62 -10.43 -8.17 0.10 9.36 7.48 -13.90 -6.29 -3.57 -10.47 3.73 -1.99 -8.90 -9.54 -2.45 2.44 5.76 -3.50 -11.63 -9.08 -8.01 -4.07 -10.18 -8.88 -6.77 -7.96 -6.15 -3.48 -0.17 1.74 -10.34 -10.39 -3.78 -4.04 -2.80 -10.53 -8.50 -11.11 -7.30 -5.11 1.29 -0.79 -11.26 -9.97 -5.67 6.98 -0.18 -5.05 -5.90 -9.49 -7.34 -5.60 0.00
Salt Creek Jan 30 578.8 19.29 -11.06 -8.39 -3.93 11.41 -10.46 -9.19 -7.81 -9.62 -7.36 0.91 10.17 8.29 -13.10 -5.48 -2.76 -9.66 4.54 -1.18 -8.09 -8.73 -1.64 3.25 6.57 -2.69 -10.82 -8.27 -7.20 -3.26 -9.37 -8.07 -5.96 -7.15 -5.34 -2.67 0.64 2.55 -9.53 -9.58 -2.97 -3.23 -1.99 -9.72 -7.69 -10.30 -6.49 -4.30 2.10 0.02 -10.45 -9.16 -4.86 7.79 0.63 -4.24 -5.09 -8.68 -6.53 -4.79 0.81 0.00
Alafia Clam Bayou Gandy Manatee Salt Creek
Groups Count Sum Average
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8.2 Appendix B: Site Data for all Parameters 
 
Appendix B1. Alafia Site Data for Shell Height, Condition Index (CI), Dermo Intensity 
(DI), Sex, Reproductive Phase, and mean Egg Diameter (ED) of female and 
hermaphrodite oysters. 
 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
February 1 55.0 7.1 3 1 2 25.4
2 66.0 6.5 4 1 3 44.0
3 66.4 8.2 4 2 4 N/A
4 48.7 5.0 0 2 3 N/A
5 78.0 7.1 1 1 3 43.8
6 69.1 8.0 1 1 3 40.1
7 60.2 7.9 5 1 2 41.3
8 60.7 7.9 1 1 2 43.4
9 58.2 7.2 5 1 2 38.2
10 52.4 7.7 0 0 1 N/A
11 43.0 12.3 0 2 4 N/A
12 43.8 8.5 0 2 3 N/A
13 39.7 7.9 1 1 3 35.6
14 47.1 7.5 4 1 3 38.5
15 54.9 8.8 0 2 3 N/A
16 42.7 9.1 0 1 3 52.6
17 68.3 6.2 2 1 3 43.5
18 55.5 9.5 0 2 3 N/A
19 43.3 8.6 1 2 4 N/A
20 59.8 5.8 5 1 3 48.1
21 73.6 9.9 3 1 2 36.3
22 66.8 8.3 1 2 3 N/A
23 59.1 9.3 1 1 2 36.8
24 54.5 7.1 4 1 2 26.4
25 65.8 8.5 3 1 3 43.6
26 58.7 16.6 0 1 2 23.0
27 71.0 6.9 4 2 2 N/A
28 63.9 7.2 4 2 1 N/A
29 60.1 10.6 3 2 4 N/A
30 63.6 6.0 5 1 2 39.0
March 1 68.1 13.9 5 2 3 N/A
2 40.9 8.7 1 2 2 N/A
3 50.4 17.4 3 1 2 26.3
4 63.1 7.3 5 2 2 N/A
5 64.0 9.1 4 1 2 30.6
6 43.8 16.2 2 1 2 36.5
7 39.1 12.3 0 1 2 33.8
8 45.3 20.3 0 1 4 45.6
9 64.6 15.8 4 1 3 53.4
10 52.0 11.4 4 0 1 N/A
11 45.7 14.7 0 2 3 N/A
12 41.2 9.1 0 1 3 51.2
13 52.4 7.2 4 1 2 29.9
14 65.1 11.3 5 1 3 39.4
15 48.0 9.3 1 2 4 N/A  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
March 16 56.5 8.8 0 2 3 N/A
17 67.3 13.3 3 2 2 N/A
18 57.3 12.2 1 2 3 N/A
19 57.6 11.9 1 2 2 N/A
20 51.1 9.8 0 1 4 56.6
21 61.7 5.7 1 2 2 N/A
22 68.0 11.7 5 1 2 27.9
23 47.4 6.5 1 2 2 N/A
24 47.6 12.1 0 1 4 35.6
25 47.5 8.9 3 1 3 47.7
26 71.0 10.2 3 1 2 28.5
27 65.8 8.6 4 2 3 N/A
28 49.2 5.0 3 2 3 N/A
29 58.2 10.1 0 1 2 28.8
30 58.6 8.4 2 1 3 38.9
April 1 66.1 9.4 1 1 3 42.8
2 70.9 10.6 0 2 3 N/A
3 47.9 11.4 5 1 3 39.3
4 42.7 13.7 5 3 3 36.5
5 62.7 12.9 0 2 3 N/A
6 62.5 15.1 0 1 3 33.7
7 69.8 12.0 3 1 2 37.9
8 52.8 13.6 0 1 3 36.7
9 57.0 11.2 1 2 3 N/A
10 47.7 6.0 5 2 2 N/A
11 52.7 15.2 2 0 1 N/A
12 45.9 12.6 3 1 4 32.6
13 49.3 20.0 3 1 2 39.6
14 54.9 18.6 1 2 3 N/A
15 52.5 10.6 0 2 3 N/A
16 57.8 10.7 4 2 3 N/A
17 65.7 13.9 0 1 3 41.7
18 52.1 16.6 0 1 3 38.5
19 47.3 18.9 0 1 3 36.5
20 51.9 28.1 4 1 3 40.5
21 47.2 21.4 5 2 4 N/A
22 49.9 43.9 0 2 3 N/A
23 51.7 15.5 1 2 3 N/A
24 46.4 9.3 5 2 3 N/A
25 43.4 21.7 5 1 3 38.9
26 47.1 13.3 1 1 3 38.5
27 42.8 8.5 3 0 4 N/A
28 47.2 5.3 0 1 3 33.4
29 38.1 29.0 0 1 3 37.7
30 48.1 11.9 4 1 3 40.4  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
May 1 79.1 56.4 0 1 2 25.7
2 78.1 32.5 3 1 2 36.7
3 64.5 24.0 0 2 1 N/A
4 67.8 24.7 0 1 2 35.4
5 59.4 19.3 3 2 3 N/A
6 52.0 30.8 0 2 2 N/A
7 56.5 23.6 0 1 3 43.2
8 76.3 23.3 1 1 2 33.3
9 84.7 25.1 2 1 2 33.8
10 60.6 53.9 0 2 1 N/A
11 57.9 33.1 2 1 2 28.7
12 54.0 19.6 4 2 3 N/A
13 62.6 24.0 2 1 2 31.2
14 69.6 20.8 0 1 3 21.2
15 85.9 26.7 0 1 2 32.6
16 67.3 28.4 0 2 4 N/A
17 40.5 23.1 2 1 4 54.1
18 41.1 23.4 4 2 4 N/A
19 43.0 54.6 0 1 4 36.8
20 57.4 24.2 0 2 1 N/A
21 62.6 29.4 1 1 4 50.0
22 60.3 25.2 3 1 2 36.9
23 62.4 42.4 0 0 1 N/A
24 53.9 35.3 0 2 3 N/A
25 48.2 31.8 1 2 3 N/A
26 44.5 37.9 0 3 2 33.2
27 75.5 32.4 0 1 2 34.2
28 59.4 28.8 0 1 2 33.8
29 53.9 31.5 1 1 2 33.4
30 69.1 35.2 2 2 4 N/A
June 1 56.8 5.9 5 1 2 35.0
2 69.7 5.6 3 2 3 N/A
3 52.5 5.8 3 2 4 N/A
4 57.8 11.6 0 1 2 33.4
5 49.5 8.0 0 1 2 33.0
6 44.2 11.8 5 1 2 31.7
7 54.2 13.9 2 1 3 41.0
8 53.0 9.6 2 1 2 35.4
9 48.1 5.0 1 1 2 31.3
10 41.5 9.7 4 2 1 N/A
11 61.5 9.1 5 1 2 36.5
12 40.5 7.7 1 1 2 31.8
13 42.8 5.8 1 1 2 42.0
14 59.3 2.8 5 1 2 28.5
15 62.9 5.6 0 1 4 36.2  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
June 16 38.3 15.4 3 1 2 35.1
17 35.0 10.5 1 2 3 N/A
18 39.0 7.5 0 1 2 28.6
19 36.8 5.7 1 2 4 N/A
20 45.7 15.7 3 2 2 N/A
21 46.6 14.6 0 1 2 33.8
22 46.7 10.2 3 2 3 N/A
23 38.0 12.4 2 1 3 36.4
24 44.1 8.2 5 2 3 N/A
25 48.6 7.7 1 2 3 N/A
26 51.7 9.5 2 2 4 N/A
27 35.7 13.3 2 2 3 N/A
28 46.3 9.8 1 1 2 26.4
29 52.5 4.3 2 1 2 34.0
30 41.6 2.2 2 1 2 36.9
July 1 41.3 12.4 2 0 1 N/A
2 61.1 21.2 0 1 2 33.6
3 43.7 9.1 5 2 3 N/A
4 50.3 14.9 1 1 3 47.1
5 50.7 5.2 3 2 4 N/A
6 69.0 10.2 5 2 5 N/A
7 43.0 8.7 4 2 3 N/A
8 44.2 11.3 4 1 2 27.6
9 70.5 9.2 3 2 2 N/A
10 52.2 8.3 0 2 3 N/A
11 45.5 9.2 1 1 3 38.9
12 63.6 6.3 5 1 4 43.2
13 71.0 11.7 2 2 3 N/A
14 64.2 11.7 1 2 4 N/A
15 64.5 7.3 3 2 3 N/A
16 65.3 6.9 5 2 3 N/A
17 53.5 7.4 3 1 2 28.3
18 45.8 7.5 2 1 3 36.5
19 73.2 10.3 4 1 3 40.0
20 46.1 6.8 2 2 2 N/A
21 67.5 7.1 5 1 3 44.2
22 55.4 12.8 1 1 2 28.4
23 55.6 6.3 4 2 3 N/A
24 47.3 9.3 5 2 3 N/A
25 47.5 12.5 4 2 2 N/A
26 73.8 17.4 1 2 4 N/A
27 56.7 4.5 5 1 3 37.4
28 49.4 13.2 1 1 3 38.7
29 69.2 15.5 2 1 2 35.4
30 50.9 9.0 3 2 4 N/A  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
August 1 58.5 21.9 1 1 3 31.5
2 55.8 14.5 4 1 3 33.0
3 46.7 17.8 4 2 2 N/A
4 63.1 9.3 5 1 5 64.1
5 44.9 9.3 4 0 1 N/A
6 66.2 9.8 5 1 3 35.8
7 53.0 15.9 4 2 3 N/A
8 60.3 17.2 2 1 3 36.4
9 55.5 7.9 4 0 1 N/A
10 64.7 4.8 1 2 3 N/A
11 65.8 10.7 5 2 4 N/A
12 63.8 6.7 1 2 2 N/A
13 59.8 11.2 1 1 2 29.2
14 47.4 8.0 5 2 3 N/A
15 50.2 8.4 5 1 2 35.7
16 54.6 8.8 2 1 2 32.6
17 46.3 19.5 1 2 2 N/A
18 63.9 6.6 0 2 2 N/A
19 49.4 15.2 1 1 2 29.6
20 63.7 6.1 1 2 4 N/A
21 42.2 19.0 2 1 4 45.3
22 68.0 6.5 2 1 2 35.4
23 61.1 18.6 1 1 3 51.2
24 46.6 11.7 0 2 2 N/A
25 47.8 10.6 3 2 2 N/A
26 40.0 8.5 4 1 3 50.1
27 39.7 8.5 1 2 3 N/A
28 48.4 13.9 3 1 4 41.2
29 43.4 8.7 4 2 2 N/A
30 51.7 8.7 4 1 3 36.5
September 1 41.2 16.3 2 2 2 N/A
2 50.7 13.2 3 0 1 N/A
3 52.4 14.0 2 1 4 46.6
4 51.2 9.5 5 1 4 39.8
5 44.5 12.4 1 1 4 35.2
6 62.8 15.8 2 2 2 N/A
7 53.0 6.4 5 2 3 N/A
8 49.3 5.3 4 1 3 38.7
9 58.2 6.5 4 1 4 47.6
10 53.3 8.3 1 2 2 N/A
11 42.1 4.2 5 1 3 36.2
12 69.8 5.4 3 1 4 39.6
13 49.2 7.8 3 2 3 N/A
14 65.2 9.7 0 2 3 N/A
15 55.3 11.2 2 1 2 29.7  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
September 16 68.2 8.2 1 1 3 38.1
17 45.2 9.3 5 2 4 N/A
18 52.6 12.2 3 1 4 39.8
19 57.5 9.6 0 2 3 N/A
20 47.2 6.4 4 1 3 34.1
21 63.2 8.3 1 1 3 29.1
22 67.8 11.9 0 1 4 45.2
23 45.6 8.7 4 2 3 N/A
24 71.1 12.7 1 2 4 N/A
25 58.1 7.2 4 2 2 N/A
26 73.4 10.2 1 1 4 49.6
27 53.7 7.9 4 2 2 N/A
28 46.8 13.2 2 1 2 29.6
29 55.7 12.4 1 2 3 N/A
30 66.5 6.1 4 2 3 N/A
October 1 53.5 17.9 2 0 5 N/A
2 41.3 6.3 4 1 4 45.6
3 67.3 16.7 0 2 4 N/A
4 69.1 8.9 1 2 3 N/A
5 46.2 22.1 0 0 5 N/A
6 46.3 6.8 3 1 3 32.1
7 64.2 13.7 1 0 5 N/A
8 51.6 5.7 3 2 3 N/A
9 50.2 7.2 2 2 3 N/A
10 41.6 5.4 3 2 4 N/A
11 55.5 21.5 0 0 5 N/A
12 53.0 9.1 1 1 3 37.8
13 55.8 7.3 3 1 4 44.1
14 44.2 18.2 0 1 4 28.8
15 66.9 14.3 1 2 4 N/A
16 68.6 11.2 2 2 4 N/A
17 70.0 12.5 0 1 4 31.2
18 45.1 16.3 1 0 5 N/A
19 65.3 8.8 2 1 3 24.6
20 56.1 9.2 3 2 5 N/A
21 56.6 12.9 2 0 5 N/A
22 40.2 8.2 1 1 3 39.8
23 43.8 9.6 0 2 3 N/A
24 59.0 16.2 2 1 4 37.6
25 64.7 18.2 0 2 5 N/A
26 47.7 11.4 1 2 2 N/A
27 58.3 15.6 1 1 4 38.7
28 67.6 9.3 2 2 3 N/A
29 51.4 12.2 1 1 4 32.1
30 49.1 5.3 4 2 4 N/A  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
November 1 53.8 9.5 2 2 4 N/A
2 54.8 11.6 1 2 4 N/A
3 63.0 23.1 0 2 5 N/A
4 48.1 21.7 0 2 5 N/A
5 63.1 15.0 1 2 4 N/A
6 50.0 15.8 1 2 5 N/A
7 46.0 32.1 1 0 5 N/A
8 53.9 13.3 1 0 5 N/A
9 61.4 9.3 0 2 3 N/A
10 49.7 19.4 1 2 4 N/A
11 48.6 23.1 0 0 5 N/A
12 58.7 18.8 1 2 5 N/A
13 48.5 27.3 0 2 5 N/A
14 54.3 9.2 1 2 3 N/A
15 57.7 25.4 0 1 5 27.7
16 58.6 18.1 1 0 5 N/A
17 55.1 14.2 1 2 4 N/A
18 53.1 20.2 0 2 4 N/A
19 56.6 22.9 0 0 5 N/A
20 48.8 30.0 0 2 5 N/A
21 50.1 21.2 0 1 5 22.9
22 53.5 17.7 1 2 5 N/A
23 48.0 12.1 2 1 5 34.0
24 46.4 25.4 0 2 5 N/A
25 41.8 45.4 0 1 5 30.7
26 57.8 19.2 0 0 4 N/A
27 52.3 15.9 1 0 4 N/A
28 47.2 29.2 0 0 4 N/A
29 47.6 18.7 0 1 4 31.5
30 48.9 21.2 0 2 4 N/A
December 1 53.7 54.6 0 0 5 N/A
2 41.2 23.3 0 1 4 38.2
3 40.8 43.5 0 1 4 30.6
4 55.7 32.2 0 2 4 N/A
5 57.0 82.0 2 2 3 N/A
6 59.2 35.7 0 2 5 N/A
7 54.3 21.8 1 0 5 N/A
8 63.1 28.2 0 0 5 N/A
9 53.9 22.2 1 1 4 34.2
10 58.5 27.3 0 0 5 N/A
11 42.5 35.2 0 2 4 N/A
12 58.8 20.2 1 1 4 30.3
13 73.2 22.4 1 0 5 N/A
14 44.8 25.1 0 1 4 33.6
15 45.6 17.7 1 2 5 N/A  
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Appendix B1. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
December 16 57.3 21.6 1 2 5 N/A
17 51.2 36.1 0 2 4 N/A
18 69.0 13.8 0 1 4 27.4
19 59.5 12.5 1 2 4 N/A
20 67.3 12.2 0 1 3 18.6
21 55.9 25.2 1 2 4 N/A
22 46.2 18.0 1 2 4 N/A
23 46.4 65.2 0 0 5 N/A
24 43.2 15.7 1 0 5 N/A
25 51.4 28.3 0 2 4 N/A
26 50.7 13.4 2 0 5 N/A
27 65.7 16.8 1 1 4 31.5
28 45.9 27.6 0 2 4 N/A
29 56.2 41.4 0 2 5 N/A
30 49.2 44.7 1 1 5 42.0
January 1 64.4 62.2 3 1 3 31.2
2 55.7 50.0 2 2 2 N/A
3 54.2 18.2 0 1 4 39.4
4 70.2 29.2 1 2 3 N/A
5 41.2 35.4 1 2 4 N/A
6 44.0 45.4 0 2 5 N/A
7 57.2 12.9 1 2 2 N/A
8 73.0 28.9 2 1 5 23.6
9 41.8 41.5 1 1 3 35.1
10 63.0 11.2 3 1 4 47.4
11 67.3 17.6 3 2 3 N/A
12 67.6 54.1 1 2 4 N/A
13 49.4 15.0 3 1 4 45.2
14 63.3 18.2 1 1 4 42.8
15 45.3 9.9 2 1 3 29.7
16 52.5 19.3 0 2 2 N/A
17 46.9 31.5 1 1 4 46.2
18 61.1 23.1 2 2 2 N/A
19 70.6 24.0 2 2 3 N/A
20 46.1 11.1 0 2 3 N/A
21 61.4 19.3 2 2 2 N/A
22 58.5 44.8 1 0 1 N/A
23 55.6 12.7 1 1 3 39.6
24 65.3 45.2 0 2 5 N/A
25 68.2 15.6 1 2 3 N/A
26 52.2 32.3 1 0 1 N/A
27 51.8 11.9 3 0 1 N/A
28 49.3 32.2 0 1 4 46.7
29 69.7 35.7 1 1 2 30.5
30 59.2 27.2 1 1 5 45.7  
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Appendix B2. Cross Bayou Site Data for Shell Height, Condition Index (CI), Dermo 
Intensity (DI), Sex, Reproductive Phase, and mean Egg Diameter (ED) of female and 
hermaphrodite oysters. 
 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
February 1 43.7 12.5 0 2 1 N/A
2 60.6 5.5 5 2 3 N/A
3 41.9 6.6 5 1 2 24.7
4 41.0 7.5 2 1 2 25.0
5 41.0 7.4 4 0 1 N/A
6 68.6 6.4 5 0 1 N/A
7 46.7 5.9 5 0 1 N/A
8 47.2 5.1 5 2 2 N/A
9 49.5 6.3 5 2 1 N/A
10 45.9 5.3 5 0 1 N/A
11 47.0 5.5 5 2 3 N/A
12 39.2 10.2 4 2 3 N/A
13 36.2 4.1 4 2 1 N/A
14 36.9 3.9 5 1 2 16.6
15 46.8 6.1 4 0 1 N/A
16 49.5 6.5 5 0 1 N/A
17 49.2 5.2 2 2 2 N/A
18 40.6 4.1 5 2 3 N/A
19 60.0 4.6 5 2 3 N/A
20 43.0 5.8 5 2 2 N/A
21 65.4 6.5 3 2 2 N/A
22 48.8 6.1 5 1 2 20.2
23 37.1 4.3 5 2 3 N/A
24 43.4 6.8 5 2 3 N/A
25 33.0 N/A N/A N/A N/A N/A
26 39.1 6.9 5 1 2 17.9
27 39.0 N/A N/A N/A N/A N/A
28 39.0 5.5 5 1 2 15.1
29 46.0 5.0 5 1 2 23.3
30 46.0 6.0 5 1 2 19.1
March 1 61.9 32.9 2 2 1 N/A
2 54.6 28.2 2 2 2 N/A
3 47.3 14.8 5 2 2 N/A
4 42.8 14.5 3 1 2 18.7
5 40.0 12.2 5 2 2 N/A
6 37.2 8.3 4 2 2 N/A
7 30.3 20.2 1 1 3 32.5
8 53.2 9.0 5 2 1 N/A
9 36.7 28.9 1 1 2 19.8
10 58.5 13.3 4 2 1 N/A
11 36.9 12.1 3 0 1 N/A
12 45.3 9.4 3 2 2 N/A
13 43.2 11.9 5 1 1 18.8
14 56.4 7.1 4 2 2 N/A
15 41.1 8.4 4 2 2 N/A  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
March 16 31.7 14.4 3 0 1 N/A
17 47.6 4.9 3 1 3 37.9
18 62.2 11.7 3 1 2 24.6
19 45.7 7.3 4 0 1 N/A
20 57.3 6.6 5 1 2 26.3
21 43.5 8.6 4 2 2 N/A
22 48.0 6.1 4 1 4 32.0
23 35.4 8.4 2 2 3 N/A
24 44.7 6.2 4 2 3 N/A
25 34.7 4.8 5 2 2 N/A
26 55.8 31.6 1 0 1 N/A
27 41.5 32.7 1 0 1 N/A
28 33.2 9.2 3 0 1 N/A
29 61.0 25.0 2 1 1 19.7
30 39.2 5.7 4 2 3 N/A
April 1 57.1 6.1 1 2 2 N/A
2 51.3 9.5 1 1 3 39.8
3 58.7 7.8 3 2 3 N/A
4 54.5 7.3 1 2 3 N/A
5 38.2 9.2 5 2 3 N/A
6 48.9 6.9 0 1 2 42.1
7 45.0 7.5 0 1 2 51.2
8 45.1 12.6 3 1 2 81.0
9 43.3 8.9 4 2 3 N/A
10 42.1 6.7 1 2 2 N/A
11 45.3 24.1 2 2 2 N/A
12 42.9 24.4 0 2 1 N/A
13 49.7 5.6 4 1 2 47.0
14 41.8 8.6 3 2 2 N/A
15 45.5 9.5 0 2 2 N/A
16 47.2 7.9 4 2 1 N/A
17 37.1 23.3 0 1 2 37.1
18 37.0 22.2 1 2 3 N/A
19 42.4 17.8 4 2 1 N/A
20 44.5 34.8 1 1 2 51.8
21 45.1 19.8 0 0 1 N/A
22 36.9 33.6 0 2 3 N/A
23 35.6 10.7 3 2 3 N/A
24 35.1 96.4 4 2 3 N/A
25 37.1 8.5 5 2 4 N/A
26 41.6 7.5 5 1 3 46.1
27 42.0 5.7 0 2 4 N/A
28 38.8 12.2 4 1 3 69.7
29 37.5 14.3 0 1 2 46.0
30 39.8 26.7 5 2 3 N/A  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
May 1 47.1 9.8 0 1 3 14.8
2 48.1 5.0 3 1 3 17.6
3 42.5 9.9 0 2 3 N/A
4 54.4 8.1 1 2 4 N/A
5 43.0 10.3 1 2 3 N/A
6 52.6 8.8 1 2 3 N/A
7 51.0 6.7 0 1 3 14.2
8 51.5 6.7 1 2 3 N/A
9 56.2 12.8 0 1 2 9.9
10 43.3 4.8 4 2 2 N/A
11 33.4 6.9 1 1 2 9.5
12 54.6 9.5 1 1 3 9.5
13 46.5 6.3 0 1 2 8.1
14 41.4 7.6 0 1 3 12.2
15 55.6 6.9 0 1 3 9.6
16 50.2 6.9 5 2 2 N/A
17 50.0 7.8 0 2 3 N/A
18 33.9 33.3 3 2 3 N/A
19 44.5 8.6 0 2 3 N/A
20 38.2 11.1 3 1 2 9.7
21 38.3 9.9 4 2 4 N/A
22 40.9 16.4 0 2 4 N/A
23 43.6 5.8 1 2 4 N/A
24 47.0 8.9 1 2 3 N/A
25 41.8 11.3 4 2 3 N/A
26 46.6 10.6 1 2 3 N/A
27 35.2 9.2 1 1 2 10.9
28 33.6 6.7 5 2 3 N/A
29 41.2 14.2 0 2 2 N/A
30 37.2 8.0 0 1 2 12.1
June 1 41.4 11.8 1 2 3 N/A
2 42.2 14.0 0 1 2 9.3
3 41.8 34.6 1 2 3 N/A
4 37.7 5.6 0 2 4 N/A
5 37.0 43.5 0 2 4 N/A
6 49.4 32.7 1 2 5 N/A
7 51.1 8.8 1 1 4 17.7
8 51.7 15.3 0 2 3 N/A
9 49.9 31.8 1 2 2 N/A
10 47.1 8.2 2 2 3 N/A
11 43.8 10.3 1 1 3 16.8
12 44.7 7.9 0 1 5 19.6
13 35.3 31.3 0 2 2 N/A
14 58.8 3.7 0 2 4 N/A
15 40.9 20.2 0 2 5 N/A  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
June 16 54.8 23.3 0 2 2 N/A
17 49.5 73.7 0 2 4 N/A
18 31.0 28.6 0 2 2 N/A
19 44.3 27.1 0 2 3 N/A
20 37.8 27.3 3 1 2 11.5
21 41.9 15.3 3 2 4 N/A
22 48.6 23.9 2 2 2 N/A
23 44.2 12.7 0 1 4 17.6
24 34.3 33.3 1 1 2 15.9
25 45.0 20.0 0 2 4 N/A
26 43.0 22.0 1 2 2 N/A
27 42.0 23.0 1 1 5 18.4
28 33.3 55.6 0 2 3 N/A
29 41.0 21.0 1 1 2 13.8
30 34.0 28.6 0 2 4 N/A
July 1 60.0 17.5 3 2 2 N/A
2 31.2 22.8 1 1 3 16.7
3 45.2 10.3 1 2 3 N/A
4 44.2 4.5 5 0 5 N/A
5 53.2 15.3 3 1 3 14.6
6 38.9 9.9 2 2 3 N/A
7 43.0 15.1 2 2 3 N/A
8 33.2 53.3 0 1 2 9.2
9 56.0 35.2 0 2 4 N/A
10 53.8 19.8 2 1 5 22.8
11 47.6 16.2 5 1 2 10.3
12 34.6 5.7 3 2 3 N/A
13 51.6 6.6 2 1 3 15.0
14 42.3 27.9 1 1 2 11.1
15 34.9 7.8 2 1 3 20.5
16 44.7 6.5 3 2 4 N/A
17 46.3 14.3 3 1 5 23.4
18 32.5 45.1 0 2 4 N/A
19 61.3 45.4 1 2 3 N/A
20 49.4 8.2 2 2 3 N/A
21 40.1 4.2 5 1 3 18.6
22 48.3 12.7 2 2 3 N/A
23 43.5 8.7 3 1 3 14.2
24 35.2 24.2 1 0 5 N/A
25 37.2 11.1 4 2 2 N/A
26 42.9 3.8 5 2 4 N/A
27 41,6 12,5 3 1 5 18.9
28 45.6 18.9 3 1 3 12.6
29 35.6 26.5 1 1 5 17.7
30 41.3 33.4 1 1 4 16.5  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
August 1 49.7 11.5 5 1 5 29.4
2 54.7 31.2 1 1 2 22.8
3 59.2 6.9 4 0 5 N/A
4 39.7 5.2 5 1 4 26.5
5 35.2 7.5 5 1 2 27.0
6 55.6 15.8 5 2 3 N/A
7 40.2 7.8 2 1 5 19.8
8 41.6 4.4 3 1 4 24.6
9 38.0 4.6 4 2 5 N/A
10 42.2 6.3 5 2 4 N/A
11 36.8 17.3 0 1 4 22.6
12 40.2 6.4 3 1 4 22.5
13 30.9 16.3 0 1 4 24.5
14 47.3 8.3 5 2 3 N/A
15 52.2 12.8 5 2 2 N/A
16 44.2 22.1 0 2 4 N/A
17 52.5 27.0 1 2 2 N/A
18 42.9 8.2 3 1 2 27.0
19 59.1 9.3 5 2 3 N/A
20 40.8 9.3 1 2 3 N/A
21 42.0 4.7 4 2 3 N/A
22 51.4 6.2 3 1 5 28.8
23 41.8 5.1 4 2 5 N/A
24 60.6 34.0 0 2 2 N/A
25 48.1 6.4 4 1 4 21.4
26 56.8 6.7 4 1 4 24.7
27 49.2 13.2 5 2 4 N/A
28 45.8 6.9 5 2 3 N/A
29 50.8 7.0 5 2 4 N/A
30 45.2 7.8 4 2 3 N/A
September 1 57.3 4.5 3 2 3 N/A
2 30.7 5.1 4 2 3 N/A
3 48.9 14.6 2 1 3 21.3
4 50.6 8.3 3 2 2 N/A
5 34.2 19.1 0 1 2 15.2
6 33.9 24.1 1 0 1 N/A
7 47.8 3.3 5 2 1 N/A
8 41.7 9.0 3 2 2 N/A
9 34.7 13.9 0 2 3 N/A
10 41.3 6.2 3 1 3 19.7
11 54.2 18.4 2 1 2 16.5
12 55.3 6.5 4 0 1 N/A
13 39.1 7.1 5 2 3 N/A
14 37.3 4.9 4 2 4 N/A
15 43.2 17.2 2 2 3 N/A  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
September 16 58.6 8.3 3 1 2 17.8
17 52.0 4.6 5 2 1 N/A
18 47.2 13.3 3 2 2 N/A
19 35.2 5.1 3 2 1 N/A
20 45.2 36.3 1 0 1 N/A
21 54.6 5.8 3 1 2 16.7
22 56.7 5.1 4 2 4 N/A
23 52.4 11.8 1 2 3 N/A
24 37.8 5.4 3 1 3 19.8
25 48.3 22.6 1 1 1 12.9
26 44.9 4.1 5 1 2 18.6
27 59.0 13.6 4 0 1 N/A
28 31.3 11.3 2 2 4 N/A
29 54.0 3.4 5 2 3 N/A
30 41.6 15.0 3 2 4 N/A
October 1 43.2 14.2 1 1 3 19.9
2 53.0 16.6 2 0 1 N/A
3 37.2 15.7 1 1 2 15.4
4 44.6 28.9 2 2 2 N/A
5 33.2 9.1 2 1 3 18.6
6 31.3 25.2 1 1 2 13.4
7 55.7 17.3 1 2 2 N/A
8 46.4 25.7 2 2 2 N/A
9 47.3 15.7 3 2 2 N/A
10 29.3 32.8 1 0 1 N/A
11 37.5 7.4 2 2 3 N/A
12 36.1 12.3 0 1 4 21.2
13 34.8 11.3 1 1 2 14.3
14 49.1 24.1 2 2 2 N/A
15 31.6 15.7 0 2 3 N/A
16 32.6 8.6 3 1 2 16.4
17 47.9 26.4 0 2 3 N/A
18 44.8 18.2 0 1 2 14.2
19 46.7 28.1 1 1 4 18.7
20 35.5 9.6 3 2 2 N/A
21 52.3 23.9 1 2 2 N/A
22 45.2 11.0 0 1 3 15.5
23 37.0 11.8 2 0 1 N/A
24 36.9 16.2 0 2 2 N/A
25 45.4 13.2 1 2 3 N/A
26 41.4 13.3 0 1 4 21.2
27 42.0 23.8 1 1 2 12.2
28 38.7 18.1 3 1 2 17.5
29 39.1 22.5 1 2 2 N/A
30 38.9 13.0 0 2 3 N/A  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
November 1 48.9 34.2 0 2 2 N/A
2 47.5 22.6 1 2 4 N/A
3 53.6 45.7 1 1 1 11.4
4 47.6 16.7 0 1 5 18.3
5 42.3 13.0 0 1 3 18.0
6 38.4 15.2 0 1 4 16.8
7 38.4 21.9 0 2 3 N/A
8 34.7 18.1 0 1 5 32.7
9 44.5 25.2 0 2 2 N/A
10 35.6 28.0 0 2 2 N/A
11 39.5 4.7 3 2 2 N/A
12 36.2 32.4 0 0 1 N/A
13 30.2 27.6 0 0 1 N/A
14 37.7 21.8 0 1 2 26.0
15 42.2 16.2 0 2 2 N/A
16 28.0 11.3 2 2 3 N/A
17 32.0 54.6 0 0 1 N/A
18 34.0 25.3 0 2 2 N/A
19 40.9 26.9 0 2 2 N/A
20 34.7 12.7 0 2 3 N/A
21 37.4 19.2 0 1 2 25.5
22 40.1 35.2 0 1 2 20.9
23 30.9 31.2 0 2 2 N/A
24 31.8 13.1 0 2 4 N/A
25 39.4 20.6 1 2 2 N/A
26 34.5 14.2 1 2 3 N/A
27 31.0 9.4 1 2 5 N/A
28 38.5 7.2 0 1 5 21.6
29 32.6 28.8 0 1 2 22.9
30 28.1 23.2 0 2 2 N/A
December 1 49.3 12.3 2 0 5 N/A
2 34.1 15.2 2 2 1 N/A
3 36.2 26.2 0 2 1 N/A
4 48.2 23.5 0 2 1 N/A
5 42.7 19.1 3 0 5 N/A
6 51.0 33.1 0 0 5 N/A
7 48.0 38.2 0 2 1 N/A
8 59.8 56.5 1 0 5 N/A
9 42.1 43.5 1 0 5 N/A
10 39.9 35.1 0 0 5 N/A
11 37.8 24.6 0 0 5 N/A
12 35.7 37.0 0 1 5 16.6
13 50.8 38.9 1 2 5 N/A
14 47.7 33.2 0 2 5 N/A
15 40.0 26.5 0 2 1 N/A  
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Appendix B2. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
December 16 35.5 31.0 0 0 5 N/A
17 50.8 15.7 0 1 2 10.2
18 48.1 18.3 1 2 1 N/A
19 38.3 16.0 1 2 1 N/A
20 47.6 29.0 1 0 5 N/A
21 48.7 21.0 0 2 1 N/A
22 39.6 27.9 1 0 5 N/A
23 54.4 32.8 0 0 5 N/A
24 42.8 16.0 0 1 4 12.5
25 31.5 10.5 0 1 5 15.2
26 37.0 19.7 1 0 5 N/A
27 45.6 13.9 1 1 5 11.3
28 46.0 20.6 1 2 1 N/A
29 49.7 17.6 1 2 1 N/A
30 33.8 23.0 1 2 1 N/A
January 1 50.2 7.8 1 1 1 16.7
2 38.6 10.6 1 0 5 N/A
3 39.7 11.2 1 1 1 18.4
4 41.8 15.7 0 2 1 N/A
5 49.7 14.0 2 1 3 22.7
6 40.7 5.1 2 2 3 N/A
7 41.9 24.0 1 2 2 N/A
8 46.0 6.4 1 1 2 16.3
9 51.7 11.7 1 1 3 24.8
10 36.5 28.6 1 0 5 N/A
11 41.8 13.5 4 1 1 14.1
12 34.9 19.3 3 0 5 N/A
13 62.2 10.9 0 1 1 16.2
14 44.6 11.1 2 1 3 21.8
15 54.1 24.1 2 1 2 15.1
16 51.4 34.4 0 2 1 N/A
17 44.9 5.5 4 1 2 19.6
18 52.9 16.9 0 1 1 15.5
19 42.1 15.7 0 2 2 N/A
20 30.5 5.9 2 2 2 N/A
21 40.0 8.0 1 2 2 N/A
22 47.3 17.3 3 2 1 N/A
23 39.5 9.4 3 1 2 19.6
24 36.7 25.0 0 1 2 19.2
25 39.8 41.3 0 0 5 N/A
26 37.7 7.4 2 1 1 16.3
27 50.0 15.4 0 0 5 N/A
28 50.3 8.2 1 2 2 N/A
29 33.6 32.2 0 2 1 N/A
30 27.4 41.3 0 0 5 N/A  
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Appendix B3. Gandy Site Data for Shell Height, Condition Index (CI), Dermo Intensity 
(DI), Sex, Reproductive Phase, and mean Egg Diameter (ED) of female and 
hermaphrodite oysters. 
 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
February 1 62.8 7.2 5 1 3 44.7
2 54.0 8.8 2 1 3 41.8
3 73.3 7.6 3 1 3 36.7
4 60.3 6.7 5 1 3 35.5
5 77.3 12.0 5 1 3 44.0
6 57.6 7.4 3 1 3 38.6
7 63.6 11.3 0 1 1 34.7
8 78.2 8.7 1 1 2 20.1
9 57.3 9.3 5 2 2 N/A
10 71.6 8.6 0 1 2 22.6
11 44.2 8.1 2 1 3 41.5
12 64.0 5.9 3 2 4 N/A
13 95.7 7.1 0 1 4 42.5
14 81.6 8.0 5 1 2 19.6
15 51.3 6.3 3 1 3 40.2
16 70.3 7.9 0 2 4 N/A
17 59.0 9.6 0 1 3 34.5
18 53.9 8.8 4 1 2 28.7
19 67.3 6.9 5 1 4 44.9
20 79.0 8.8 2 1 2 19.3
21 71.7 10.8 3 2 3 N/A
22 70.0 6.3 2 2 1 N/A
23 68.7 10.2 4 1 2 21.0
24 79.0 12.8 0 1 4 39.1
25 63.9 9.1 5 1 3 47.7
26 60.8 7.5 5 2 3 N/A
27 64.8 7.6 5 1 4 33.6
28 62.6 6.6 5 1 3 38.2
29 69.5 7.6 5 1 4 35.9
30 59.3 10.4 4 1 2 26.5
March 1 73.5 6.0 2 1 3 48.5
2 56.2 11.1 3 2 3 N/A
3 75.0 14.3 0 1 4 39.6
4 43.3 13.7 1 2 2 N/A
5 45.3 6.2 2 1 2 28.4
6 52.8 8.6 3 1 3 32.8
7 44.8 10.3 0 2 3 N/A
8 57.6 24.0 0 2 2 N/A
9 68.3 9.1 4 1 2 28.7
10 41.2 7.7 2 2 3 N/A
11 51.2 6.3 5 1 1 31.8
12 54.3 7.6 2 2 2 N/A
13 71.2 9.2 3 2 1 N/A
14 56.7 6.3 4 2 1 N/A
15 61.0 10.3 2 2 3 N/A  
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Appendix B3. Continued. 
 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
March 16 53.7 15.4 2 2 1 N/A
17 60.5 8.9 4 1 2 33.2
18 42.5 15.2 1 1 2 32.0
19 58.8 19.4 2 2 2 N/A
20 52.3 18.2 1 1 2 38.9
21 65.6 8.4 4 2 2 N/A
22 63.2 5.5 3 1 4 46.1
23 55.0 9.2 0 1 2 40.9
24 45.6 17.9 1 2 2 N/A
25 58.9 10.8 3 2 3 N/A
26 46.1 9.3 1 2 3 N/A
27 56.4 12.5 3 1 3 47.7
28 68.7 7.9 3 1 3 48.0
29 47.0 15.6 0 1 2 36.5
30 49.3 5.9 3 2 4 N/A
April 1 62.1 11.4 1 1 2 42.4
2 73.7 12.8 0 1 3 45.4
3 55.8 11.1 1 1 2 34.9
4 66.5 11.6 0 2 3 N/A
5 59.6 8.9 3 2 3 N/A
6 62.3 8.4 4 1 2 42.8
7 49.6 1.7 4 1 3 31.2
8 64.9 8.7 0 2 3 N/A
9 56.2 7.3 4 1 4 45.3
10 56.9 21.3 1 2 1 N/A
11 50.0 13.6 3 1 2 46.1
12 48.5 15.6 0 2 2 N/A
13 60.4 17.8 5 2 1 N/A
14 51.3 7.5 2 2 2 N/A
15 74.1 9.7 1 2 1 N/A
16 51.2 16.9 2 1 1 22.4
17 74.8 8.7 1 2 3 N/A
18 51.9 22.2 0 1 1 39.7
19 56.1 9.7 0 2 4 N/A
20 64.9 15.1 1 3 4 36.8
21 50.2 14.4 0 1 4 38.9
22 59.2 7.3 0 1 3 43.8
23 45.0 10.7 1 2 4 N/A
24 53.6 14.0 0 2 1 N/A
25 44.1 16.8 0 2 4 N/A
26 48.1 10.9 3 1 2 27.1
27 69.9 16.0 1 2 2 N/A
28 65.9 11.6 5 1 4 40.4
29 74.9 6.9 1 1 4 43.6
30 55.0 14.4 0 2 1 N/A  
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Appendix B3. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
May 1 54.6 7.3 0 1 2 37.9
2 46.9 6.9 3 2 3 N/A
3 66.0 8.4 0 2 4 N/A
4 46.0 20.4 0 2 3 N/A
5 52.7 8.0 4 1 2 43.8
6 52.5 22.6 4 1 3 38.7
7 56.4 14.9 2 1 4 35.1
8 48.4 14.7 0 1 4 39.7
9 66.4 25.2 0 1 4 35.1
10 48.9 6.9 0 0 5 N/A
11 65.5 20.8 1 2 4 N/A
12 58.8 8.8 1 1 4 48.4
13 65.1 24.0 1 2 4 N/A
14 45.9 15.1 0 1 2 30.7
15 68.3 18.6 0 1 3 39.9
16 42.7 21.7 5 1 1 36.7
17 40.5 32.1 0 0 5 N/A
18 56.2 11.1 5 3 4 44.4
19 45.5 22.6 5 2 3 N/A
20 42.1 33.3 0 2 4 N/A
21 37.3 23.8 0 2 3 N/A
22 50.1 12.6 0 1 2 49.9
23 40.4 15.2 0 1 2 38.8
24 51.0 9.0 0 1 2 39.9
25 40.4 9.2 0 2 3 N/A
26 42.6 10.5 0 1 2 41.5
27 40.8 10.0 0 1 3 44.1
28 43.6 12.0 5 1 2 43.1
29 53.1 25.8 2 1 2 38.2
30 46.2 9.7 0 2 1 N/A
June 1 52.4 5.9 3 0 5 N/A
2 59.2 6.0 4 1 4 46.9
3 49.3 7.9 5 1 3 42.3
4 47.3 6.4 2 1 4 39.2
5 53.1 6.5 3 2 4 N/A
6 54.0 10.4 2 2 3 N/A
7 56.6 7.7 4 2 2 N/A
8 57.5 7.7 1 1 3 51.2
9 59.7 7.6 1 1 2 33.9
10 57.9 4.5 5 0 1 N/A
11 50.2 5.1 0 2 1 N/A
12 59.5 6.6 0 1 3 50.6
13 65.1 7.3 1 1 3 41.6
14 79.9 12.8 1 2 1 N/A
15 63.5 5.9 0 1 3 37.6  
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Appendix B3. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
June 16 48.0 3.4 5 1 3 47.9
17 61.2 8.4 1 2 2 N/A
18 75.2 20.5 3 2 1 N/A
19 53.5 7.8 0 1 2 37.1
20 43.7 23.9 1 1 3 33.9
21 51.6 7.8 3 1 2 42.8
22 60.1 11.8 0 1 2 42.1
23 57.8 14.0 0 1 4 39.7
24 43.2 8.4 1 2 3 N/A
25 40.4 7.2 1 1 3 49.0
26 48.0 15.0 0 0 5 N/A
27 52.4 19.2 0 1 3 37.7
28 62.5 19.3 3 2 3 N/A
29 58.6 9.9 4 2 4 N/A
30 59.0 12.8 0 2 4 N/A
July 1 47.1 18.2 1 2 2 N/A
2 71.0 12.4 2 1 2 42.9
3 56.9 16.7 1 1 4 51.0
4 44.3 11.5 1 2 3 N/A
5 67.3 11.1 2 1 2 39.5
6 76.1 9.0 3 1 1 35.4
7 46.0 8.2 2 1 4 47.6
8 43.5 5.3 3 2 4 N/A
9 73.2 18.9 1 1 2 37.6
10 75.6 7.4 3 2 1 N/A
11 52.1 6.7 5 1 3 46.2
12 53.5 8.4 3 1 1 33.7
13 40.8 9.6 0 2 3 N/A
14 41.2 7.1 3 2 2 N/A
15 58.2 25.3 1 2 1 N/A
16 51.2 12.2 2 1 2 42.8
17 54.0 7.2 3 2 1 N/A
18 46.7 15.7 2 2 3 N/A
19 65.7 21.0 1 2 1 N/A
20 55.2 14.2 2 2 3 N/A
21 59.4 7.5 2 2 3 N/A
22 64.2 14.6 0 1 4 52.6
23 45.5 6.0 3 0 5 N/A
24 47.9 7.8 2 2 3 N/A
25 54.7 5.9 5 2 3 N/A
26 66.7 6.8 3 2 3 N/A
27 43.7 8.9 4 2 3 N/A
28 65.3 15.2 1 1 3 39.2
29 60.5 12.4 2 2 2 N/A
30 36.3 5.5 2 2 3 N/A  
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Appendix B3. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
August 1 57.8 23.9 0 2 2 N/A
2 63.2 9.1 0 1 3 42.5
3 39.5 11.9 0 2 1 N/A
4 58.4 9.6 5 2 3 N/A
5 44.5 9.1 4 1 1 35.8
6 42.0 24.0 2 2 1 N/A
7 45.0 8.6 4 2 4 N/A
8 45.2 22.2 3 2 2 N/A
9 57.2 24.7 4 2 1 N/A
10 54.2 7.9 3 2 1 N/A
11 61.4 12.6 3 2 2 N/A
12 51.0 7.5 1 1 1 37.6
13 48.2 22.6 1 2 2 N/A
14 55.4 7.3 3 0 5 N/A
15 58.6 11.5 1 0 1 N/A
16 52.7 12.0 1 1 2 35.1
17 50.4 11.1 4 1 3 35.3
18 48.9 7.7 3 2 4 N/A
19 40.9 10.2 1 1 2 35.1
20 48.0 35.1 0 1 2 40.2
21 43.0 6.3 1 1 3 44.7
22 47.8 11.9 5 1 3 35.9
23 42.5 7.4 4 1 2 38.2
24 48.3 8.5 4 1 3 36.1
25 47.0 11.2 3 1 3 37.8
26 37.4 10.7 5 2 1 N/A
27 46.4 9.9 2 2 2 N/A
28 41.7 24.3 0 1 1 30.2
29 48.9 9.2 3 2 3 N/A
30 46.2 12.0 3 1 3 48.1
September 1 58.8 19.2 1 1 4 50.6
2 62.2 8.5 1 1 2 31.2
3 55.1 7.8 4 1 2 33.7
4 46.0 18.1 1 2 3 N/A
5 53.5 8.5 2 1 4 40.2
6 50.6 21.5 1 0 1 N/A
7 42.5 8.5 3 2 1 N/A
8 64.3 10.3 1 1 3 45.7
9 47.3 5.9 4 1 4 31.8
10 59.0 22.1 2 0 1 N/A
11 55.3 5.3 3 1 3 35.1
12 45.3 15.3 0 2 1 N/A
13 51.8 14.0 3 1 2 28.8
14 44.4 8.0 2 2 4 N/A
15 43.2 5.7 4 2 3 N/A  
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Appendix B3. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
September 16 41.7 11.4 2 2 3 N/A
17 65.8 12.0 2 1 2 34.4
18 64.6 15.6 1 1 2 29.7
19 45.7 4.2 4 0 5 N/A
20 49.4 9.8 2 2 5 N/A
21 47.5 20.2 1 2 5 N/A
22 46.3 16.5 1 2 4 N/A
23 46.0 7.6 2 2 4 N/A
24 42.7 6.2 2 2 4 N/A
25 59.4 17.8 1 2 4 N/A
26 52.0 11.3 2 2 3 N/A
27 43.5 5.9 5 2 3 N/A
28 49.4 5.4 3 2 3 N/A
29 53.9 16.4 1 2 1 N/A
30 58.9 25.3 1 2 1 N/A
October 1 74.6 14.3 1 1 3 38.7
2 71.8 9.0 0 2 3 N/A
3 68.2 12.7 0 1 5 40.1
4 51.0 12.8 0 1 5 36.6
5 73.0 11.3 0 1 4 37.8
6 55.3 13.0 1 1 2 27.6
7 73.4 8.0 1 1 3 30.2
8 54.6 11.4 2 0 1 N/A
9 64.2 21.2 0 1 4 35.4
10 61.1 9.1 1 1 3 33.7
11 46.2 14.2 0 2 3 N/A
12 52.6 6.7 3 2 2 N/A
13 60.4 15.8 2 2 2 N/A
14 60.8 18.3 1 1 4 32.1
15 44.8 16.3 1 2 4 N/A
16 53.2 26.9 0 1 4 40.1
17 52.9 15.2 1 2 2 N/A
18 67.3 5.2 3 1 3 44.7
19 48.5 12.1 0 0 5 N/A
20 63.5 8.8 3 1 5 38.7
21 55.7 33.0 0 2 5 N/A
22 57.1 12.2 1 2 3 N/A
23 49.2 10.9 1 2 4 N/A
24 65.8 18.5 1 2 4 N/A
25 59.0 10.1 1 1 2 29.8
26 53.4 7.3 2 2 4 N/A
27 51.3 16.3 1 1 4 45.4
28 43.1 8.6 2 2 4 N/A
29 41.5 N/A N/A N/A N/A N/A
30 50.6 18.2 0 2 2 N/A  
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Appendix B3. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
November 1 69.8 24.4 0 2 1 N/A
2 77.1 9.8 1 2 3 N/A
3 55.5 19.6 0 2 4 N/A
4 49.9 21.9 0 2 4 N/A
5 59.5 16.2 0 2 1 N/A
6 53.1 22.7 0 2 1 N/A
7 116.0 8.2 0 2 3 N/A
8 89.2 16.9 0 1 4 40.5
9 75.2 11.4 0 2 4 N/A
10 65.9 19.8 0 1 4 26.0
11 63.1 15.3 0 2 1 N/A
12 61.1 12.6 0 2 2 N/A
13 65.2 12.2 0 2 3 N/A
14 66.1 5.2 3 1 3 34.7
15 53.7 16.0 0 2 4 N/A
16 58.4 24.3 0 2 5 N/A
17 51.0 18.3 0 1 4 33.2
18 51.7 25.0 0 1 5 40.1
19 52.7 4.3 4 2 5 N/A
20 84.5 13.3 0 1 4 32.6
21 59.5 17.8 0 1 5 33.1
22 55.0 9.2 0 1 3 35.5
23 63.5 17.7 1 2 5 N/A
24 53.4 21.3 1 0 1 N/A
25 51.8 15.6 0 2 3 N/A
26 60.0 7.2 2 2 3 N/A
27 59.9 23.3 0 1 4 34.1
28 46.6 15.1 1 2 3 N/A
29 47.3 17.5 0 0 5 N/A
30 39.5 36.7 0 1 5 28.2
December 1 45.1 28.8 0 2 4 N/A
2 43.8 16.4 1 2 3 N/A
3 59.3 16.3 0 2 3 N/A
4 74.7 21.2 0 1 5 26.9
5 47.7 25.1 0 2 4 N/A
6 65.2 16.2 0 1 3 32.3
7 72.5 17.3 0 1 4 35.6
8 55.2 23.8 0 2 4 N/A
9 41.2 32.4 0 2 4 N/A
10 71.2 26.9 0 1 4 30.1
11 60.2 17.1 1 1 3 36.5
12 53.1 11.3 2 2 1 N/A
13 51.7 9.2 2 2 3 N/A
14 61.7 24.0 1 1 2 21.6
15 66.1 30.3 1 0 5 N/A  
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Appendix B3. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
December 16 54.8 6.2 2 2 4 N/A
17 58.2 26.2 0 2 1 N/A
18 48.1 22.5 1 0 5 N/A
19 61.8 13.4 0 1 4 27.8
20 55.4 14.4 0 1 4 24.8
21 51.4 15.1 1 2 1 N/A
22 58.7 12.7 2 0 5 N/A
23 52.2 45.5 0 2 5 N/A
24 47.9 27.0 0 0 5 N/A
25 69.0 7.3 2 2 3 N/A
26 63.7 22.9 0 1 4 34.6
27 50.3 23.9 0 0 5 N/A
28 51.6 21.7 1 2 5 N/A
29 67.6 13.1 0 2 3 N/A
30 66.4 9.8 2 1 5 26.2
January 1 57.0 8.3 0 2 5 N/A
2 54.3 12.3 1 1 1 18.7
3 49.0 15.4 0 2 5 N/A
4 54.0 13.2 0 2 2 N/A
5 46.6 11.2 0 2 1 N/A
6 53.0 7.4 2 1 1 21.1
7 44.3 37.2 2 2 4 N/A
8 50.2 13.1 3 1 2 29.8
9 68.0 11.9 1 1 4 38.7
10 52.5 6.0 0 2 1 N/A
11 48.5 40.9 1 2 1 N/A
12 45.5 19.2 1 0 1 N/A
13 44.9 45.8 0 2 4 N/A
14 52.1 15.2 1 1 3 35.9
15 53.7 17.0 1 2 4 N/A
16 53.6 33.8 0 1 5 36.7
17 61.3 36.1 0 1 1 24.7
18 64.4 18.1 1 2 1 N/A
19 58.5 13.2 0 2 5 N/A
20 48.4 29.8 0 2 2 N/A
21 56.0 11.5 1 2 4 N/A
22 64.7 13.5 3 1 4 39.5
23 56.3 44.5 0 1 5 37.0
24 54.1 31.1 0 2 4 N/A
25 41.8 43.9 1 2 1 N/A
26 43.2 14.3 2 2 5 N/A
27 49.2 25.0 1 0 1 N/A
28 61.7 21.5 1 1 2 33.9
29 69.4 14.5 2 1 4 41.0
30 52.8 30.1 2 2 2 N/A  
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Appendix B4. Manatee Site Data for Shell Height, Condition Index (CI), Dermo Intensity 
(DI), Sex, Reproductive Phase, and mean Egg Diameter (ED) of female and 
hermaphrodite oysters. 
 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
February 1 60.0 8.4 5 2 3 N/A
2 67.0 11.2 0 1 3 40.4
3 62.3 11.8 1 2 3 N/A
4 78.9 13.1 2 1 3 45.8
5 79.9 10.9 3 2 3 N/A
6 58.8 7.6 0 2 3 N/A
7 53.1 11.4 3 2 1 N/A
8 57.6 13.4 0 2 2 N/A
9 44.0 16.1 1 1 2 39.6
10 56.9 12.2 0 1 2 46.2
11 58.2 8.6 0 1 3 49.7
12 45.4 9.5 0 2 4 N/A
13 38.5 7.3 1 1 4 47.2
14 46.0 8.4 0 2 2 N/A
15 45.3 8.5 0 1 3 62.5
16 51.6 6.9 1 0 4 N/A
17 51.0 8.7 0 2 3 N/A
18 47.4 8.3 0 1 2 47.0
19 59.0 10.7 0 2 4 N/A
20 48.4 9.9 1 2 2 N/A
21 52.4 10.8 0 2 3 N/A
22 47.7 6.4 5 1 1 39.7
23 57.7 10.2 1 2 2 N/A
24 61.3 10.1 1 2 4 N/A
25 50.9 12.6 2 2 3 N/A
26 65.5 11.1 5 3 3 34.2
27 44.1 7.8 0 2 4 N/A
28 47.3 6.0 0 1 3 48.6
29 53.0 7.3 0 2 4 N/A
30 51.6 7.9 0 1 2 48.9
March 1 75.5 6.1 3 1 2 48.6
2 50.0 13.5 1 2 2 N/A
3 60.9 12.3 1 2 2 N/A
4 70.0 12.7 2 1 2 36.1
5 72.6 14.5 1 1 4 45.2
6 56.8 10.9 1 2 2 N/A
7 71.2 9.9 1 1 3 37.4
8 68.0 13.2 2 1 1 28.8
9 66.1 11.4 0 2 3 N/A
10 65.2 9.3 1 2 3 N/A
11 65.4 6.3 3 2 2 N/A
12 54.4 8.7 2 2 2 N/A
13 62.4 5.4 3 2 4 N/A
14 68.3 5.3 3 2 3 N/A
15 65.6 6.5 2 2 4 N/A  
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Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
March 16 69.4 15.1 0 2 3 N/A
17 53.2 13.1 0 2 1 N/A
18 61.2 6.3 3 2 2 N/A
19 64.2 4.8 3 1 3 46.9
20 50.7 6.8 3 2 2 N/A
21 41.2 11.1 1 2 2 N/A
22 63.6 7.6 2 2 4 N/A
23 64.5 10.4 0 2 3 N/A
24 58.1 5.6 3 2 3 N/A
25 43.6 12.3 2 2 1 N/A
26 67.3 18.4 0 1 2 43.5
27 61.5 9.7 0 1 3 50.3
28 47.1 9.0 1 2 3 N/A
29 45.5 10.0 1 2 2 N/A
30 59.3 5.1 2 2 3 N/A
April 1 52.5 12.5 0 1 2 51.9
2 58.9 12.2 5 2 3 N/A
3 55.2 24.7 5 1 2 44.0
4 68.7 11.4 4 1 3 43.4
5 67.6 26.9 1 1 3 46.9
6 46.5 12.6 1 2 2 N/A
7 50.4 19.6 3 1 3 41.9
8 54.5 21.1 2 2 3 N/A
9 67.5 16.4 0 1 4 50.8
10 55.7 11.4 3 1 1 44.9
11 59.4 14.2 2 2 2 N/A
12 83.9 11.5 1 2 2 N/A
13 67.7 23.2 3 2 1 N/A
14 57.1 11.5 3 2 2 N/A
15 49.0 14.5 0 0 1 N/A
16 64.7 19.1 0 1 1 34.1
17 61.5 14.3 0 2 3 N/A
18 49.0 17.2 5 2 1 N/A
19 52.0 17.0 5 2 4 N/A
20 55.2 20.3 1 1 4 44.6
21 45.8 22.1 5 2 4 N/A
22 54.2 22.5 0 1 3 52.1
23 46.0 11.8 0 2 4 N/A
24 46.4 11.6 1 2 1 N/A
25 42.6 9.6 5 2 4 N/A
26 53.3 19.4 0 1 2 43.2
27 42.7 21.7 0 2 2 N/A
28 42.5 8.2 4 1 4 37.9
29 48.4 17.7 0 1 4 33.3
30 45.2 13.5 1 2 1 N/A  
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Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
May 1 60.2 17.9 1 2 2 N/A
2 61.0 11.8 5 2 3 N/A
3 52.2 14.8 1 2 4 N/A
4 46.3 19.4 0 1 3 37.0
5 50.0 9.8 1 2 2 N/A
6 43.8 5.3 0 1 3 39.1
7 57.6 11.1 4 1 4 32.3
8 38.8 11.2 5 1 4 31.2
9 45.6 22.1 0 2 4 N/A
10 60.5 29.9 2 1 5 32.6
11 64.2 10.4 5 1 4 37.8
12 45.8 29.2 0 2 4 N/A
13 45.2 26.8 0 1 4 38.8
14 48.6 26.8 2 1 2 27.7
15 56.0 8.2 0 1 3 34.5
16 51.5 17.9 0 1 1 30.5
17 56.5 12.5 0 2 5 N/A
18 41.2 14.3 0 2 4 N/A
19 35.8 22.7 0 0 1 N/A
20 34.7 19.1 4 2 4 N/A
21 38.5 28.5 0 1 3 25.6
22 34.1 21.8 0 1 2 41.6
23 40.5 13.9 0 2 2 N/A
24 36.6 10.4 0 2 2 N/A
25 43.2 13.2 5 1 3 35.7
26 66.5 16.9 0 1 2 39.2
27 41.2 11.0 0 2 3 N/A
28 39.8 7.9 2 2 3 N/A
29 32.9 3.6 3 2 2 N/A
30 39.0 13.2 5 2 1 N/A
June 1 51.0 11.3 5 2 5 N/A
2 76.8 20.8 0 1 4 36.8
3 48.9 21.6 1 1 3 37.7
4 55.6 18.8 1 1 4 34.1
5 65.1 13.5 1 2 4 N/A
6 50.8 10.2 1 1 3 36.0
7 52.7 10.2 1 1 3 30.4
8 66.6 10.1 3 2 3 N/A
9 46.6 20.7 0 1 2 35.3
10 46.4 30.0 3 1 1 37.2
11 60.0 13.3 5 2 1 N/A
12 44.7 35.7 0 1 3 39.8
13 57.9 20.9 4 2 3 N/A
14 56.3 12.1 5 1 1 32.6
15 60.1 24.0 0 2 3 N/A  
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Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
June 16 52.3 2.3 5 1 3 30.8
17 49.1 25.5 0 1 4 37.7
18 54.2 20.0 4 2 1 N/A
19 44.5 22.7 3 1 2 21.6
20 55.7 24.4 5 1 3 27.6
21 45.7 22.0 0 1 2 28.4
22 42.1 12.4 5 2 3 N/A
23 48.7 18.2 0 1 4 31.5
24 44.3 21.3 0 1 3 35.1
25 43.2 8.0 4 1 3 34.7
26 47.5 10.1 4 2 5 N/A
27 49.0 17.7 4 1 3 33.5
28 52.4 6.9 5 1 3 36.6
29 46.0 15.5 1 1 4 40.3
30 47.3 18.9 1 1 4 31.6
July 1 69.0 14.1 2 1 4 44.1
2 42.0 5.6 3 2 3 N/A
3 66.0 8.9 3 1 3 37.6
4 72.0 10.1 3 1 2 32.1
5 54.0 N/A N/A N/A N/A N/A
6 55.0 8.5 2 1 3 38.9
7 73.0 9.5 3 1 1 31.3
8 74.0 6,3 3 1 2 37.8
9 41.0 4.8 4 2 4 N/A
10 48.0 5.4 3 2 3 N/A
11 76.0 7.8 1 1 3 35.2
12 56.0 11.7 1 2 2 N/A
13 44.0 8.1 4 2 4 N/A
14 71.0 12.4 2 2 2 N/A
15 57.0 9.1 3 1 2 39.1
16 52.0 13.6 1 2 4 N/A
17 43.0 6.8 4 2 2 N/A
18 63.0 7.7 3 1 2 30.4
19 46.0 6.3 3 2 3 N/A
20 57.0 10.7 1 2 3 N/A
21 55.0 14.3 2 1 2 28.9
22 48.0 11.2 1 2 5 N/A
23 61.0 14.8 1 2 2 N/A
24 41.0 7.9 1 2 3 N/A
25 60.0 6.3 2 1 3 35.8
26 59.0 13.1 1 2 3 N/A
27 63.0 19.9 1 1 4 39.7
28 47.0 7.9 2 2 3 N/A
29 50.0 6.7 2 1 3 31.6
30 50.0 13.2 0 0 5 N/A  
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Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
August 1 75.3 7.9 1 2 3 N/A
2 60.5 24.0 1 2 3 N/A
3 65.0 9.0 0 0 1 N/A
4 79.8 8.0 1 1 4 43.2
5 45.9 10.6 1 2 1 N/A
6 68.7 7.6 1 1 1 33.5
7 51.8 9.3 0 2 4 N/A
8 48.0 8.9 2 2 2 N/A
9 56.6 7.6 1 2 1 N/A
10 77.9 14.4 1 1 1 29.8
11 55.2 11.6 1 2 3 N/A
12 46.2 9.1 1 2 1 N/A
13 73.6 10.1 1 1 2 36.4
14 48.6 11.4 0 2 5 N/A
15 73.0 8.1 0 1 1 38.1
16 53.7 7.0 0 1 2 34.2
17 58.0 14.8 0 1 3 41.6
18 57.4 16.9 0 1 4 38.8
19 57.5 15.6 0 1 2 42.7
20 46.0 13.1 0 2 3 N/A
21 46.7 13.0 0 2 3 N/A
22 46.4 10.8 0 2 3 N/A
23 42.7 10.2 0 2 2 N/A
24 47.4 17.9 1 2 3 N/A
25 40.7 14.1 0 2 3 N/A
26 54.2 6.8 5 1 1 29.9
27 49.1 8.1 0 2 1 N/A
28 43.2 22.9 0 2 1 N/A
29 53.1 8.8 1 2 3 N/A
30 38.3 10.5 0 2 2 N/A
September 1 59.1 11.1 0 0 5 N/A
2 67.2 9.3 1 1 2 31.2
3 42.8 6.8 2 2 3 N/A
4 51.2 10.4 1 1 2 35.4
5 49.4 12.5 0 2 3 N/A
6 60.5 6.2 0 2 4 N/A
7 45.9 12.9 1 2 1 N/A
8 55.6 10.5 0 0 5 N/A
9 66.6 4.5 1 1 3 37.0
10 55.9 12.3 0 1 2 44.2
11 41.2 9.3 0 2 4 N/A
12 43.4 8.3 2 1 2 29.1
13 53.5 9.1 1 2 2 N/A
14 61.7 4.7 1 1 3 34.5
15 49.2 10.1 0 2 3 N/A  
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Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
September 16 42.1 12.1 1 2 4 N/A
17 52.8 7.9 1 1 3 37.6
18 46.3 9.7 1 1 4 41.0
19 48.0 11.7 0 1 4 31.8
20 51.5 5.3 2 1 4 47.8
21 43.5 13.5 1 2 2 N/A
22 62.0 9.7 0 1 2 31.6
23 41.9 11.8 1 2 2 N/A
24 50.8 11.2 0 1 1 28.7
25 56.2 5.8 1 1 3 37.8
26 63.2 6.9 1 2 4 N/A
27 40.4 10.1 2 2 4 N/A
28 57.5 5.4 2 2 4 N/A
29 39.1 3.9 2 2 2 N/A
30 69.0 6.7 0 1 4 30.7
October 1 41.2 12.3 1 0 5 N/A
2 71.4 7.6 1 1 3 34.9
3 78.0 12.7 0 1 3 29.4
4 68.8 6.7 1 1 4 39.2
5 65.7 5.4 1 1 2 25.2
6 58.4 12.3 0 2 5 N/A
7 66.4 13.1 0 1 2 25.0
8 73.5 14.0 0 1 4 32.3
9 45.0 11.5 1 2 3 N/A
10 61.8 7.9 1 1 4 33.5
11 50.3 17.4 0 1 4 30.8
12 46.3 9.9 1 0 5 N/A
13 64.2 9.3 0 1 3 31.4
14 51.5 12.3 0 0 5 N/A
15 60.1 13.1 0 1 3 24.6
16 48.1 16.4 0 2 4 N/A
17 41.3 15.4 0 2 3 N/A
18 62.1 17.0 1 0 5 N/A
19 65.8 8.6 1 2 1 N/A
20 53.8 14.3 0 0 5 N/A
21 49,4 12.1 0 2 3 N/A
22 69.3 16.7 0 1 1 18.8
23 65.9 17.3 0 0 5 N/A
24 56.2 7.9 2 1 5 22.5
25 67.1 11.2 0 1 3 31.7
26 43.7 18.1 0 2 4 N/A
27 43.9 22.8 0 2 2 N/A
28 58.6 14.1 1 1 4 33.1
29 54.2 8.6 1 1 3 27.7
30 62.8 18.2 1 2 1 N/A  
 
 
98 
 
Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
November 1 54.2 12.3 0 0 5 N/A
2 55.0 9.1 0 1 3 31.2
3 50.4 6.9 1 0 5 N/A
4 50.3 16.2 1 2 4 N/A
5 44.5 10.7 1 2 3 N/A
6 61.7 13.7 0 1 4 32.5
7 52.6 18.5 1 2 4 N/A
8 48.0 17.6 0 2 3 N/A
9 41.2 12.2 0 0 5 N/A
10 47.2 15.3 0 2 4 N/A
11 41.8 22.1 0 2 4 N/A
12 41.9 15.6 0 2 4 N/A
13 59.0 8.9 1 1 4 24.8
14 56.1 17.6 0 1 4 21.3
15 43.9 24.1 0 0 5 N/A
16 47.8 18.4 0 2 4 N/A
17 38.8 13.5 0 0 5 N/A
18 54.5 8.0 0 1 3 29.3
19 52.7 13.6 0 2 3 N/A
20 53.1 16.4 1 2 2 N/A
21 56.8 6.9 0 1 3 26.9
22 52.0 12.6 1 0 5 N/A
23 66.3 7.9 0 1 3 21.5
24 51.7 28.0 0 2 1 N/A
25 55.9 21.1 0 2 1 N/A
26 44.7 15.1 0 2 1 N/A
27 40.7 18.1 0 2 3 N/A
28 44.6 19.2 0 0 5 N/A
29 54.5 11.1 0 1 4 24.8
30 53.5 19.2 1 1 1 17.8
December 1 63.2 45.7 1 1 4 23.5
2 69.1 33.2 0 0 5 N/A
3 74.0 15.8 0 1 3 31.2
4 62.4 22.4 0 1 3 33.6
5 54.2 28.9 0 0 5 N/A
6 71.7 54.6 1 1 4 30.4
7 70.3 12.4 0 1 3 26.7
8 57.0 13.1 0 1 4 24.6
9 55.7 10.9 1 1 4 21.0
10 65.2 16.7 0 1 3 20.1
11 69.4 26.7 1 2 4 N/A
12 46.2 15.6 1 2 4 N/A
13 51.0 18.8 0 2 5 N/A
14 67.2 9.8 1 1 4 24.5
15 65.8 21.4 0 2 3 N/A  
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Appendix B4. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
December 16 63.6 19.0 0 2 4 N/A
17 59.0 19.8 0 1 4 21.1
18 54.6 13.4 0 2 1 N/A
19 52.3 12.1 0 2 5 N/A
20 61.3 28.9 0 1 2 20.4
21 51.7 11.6 1 2 2 N/A
22 53.0 32.4 0 0 5 N/A
23 55.8 16.7 1 1 5 18.3
24 60.8 22.3 1 2 2 N/A
25 57.5 7.8 0 1 3 19.3
26 56.1 15.6 1 2 5 N/A
27 51.9 9.8 1 2 3 N/A
28 58.2 23.4 0 0 5 N/A
29 49.1 46.2 0 0 5 N/A
30 58.5 16.9 1 0 5 N/A
January 1 59.4 15.6 0 2 5 N/A
2 56.7 4.5 2 1 4 42.9
3 48.3 22.5 1 2 2 N/A
4 54.4 19.9 1 2 1 N/A
5 47.1 44.6 0 2 1 N/A
6 53.6 7.0 0 0 5 N/A
7 46.7 48.5 1 2 2 N/A
8 52.5 24.5 1 2 1 N/A
9 66.9 13.6 0 2 5 N/A
10 53.0 11.2 0 1 4 38.5
11 48.0 6.7 0 1 5 29.6
12 46.9 38.9 0 2 2 N/A
13 46.8 21.2 1 2 5 N/A
14 52.6 20.0 0 2 2 N/A
15 54.2 18.7 1 2 2 N/A
16 53.8 14.5 1 2 2 N/A
17 60.0 22.1 0 1 1 32.7
18 64.5 5.6 2 2 4 N/A
19 59.8 13.2 2 1 1 29.5
20 47.5 12.3 0 1 4 42.4
21 57.1 12.3 1 1 4 34.2
22 65.1 20.7 1 0 1 N/A
23 58.2 21.1 0 2 1 N/A
24 54.5 9.1 0 0 5 N/A
25 43.5 13.7 0 1 5 37.9
26 45.1 45.6 1 1 1 31.8
27 49.4 23.1 1 1 1 27.4
28 63.3 16.7 1 1 2 35.2
29 71.2 22.3 0 1 1 40.7
30 53.1 9.8 0 2 4 N/A  
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Appendix B5. Salt Creek Site Data for Shell Height, Condition Index (CI), Dermo 
Intensity (DI), Sex, Reproductive Phase, and mean Egg Diameter (ED) of female and 
hermaphrodite oysters. 
 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
February 1 81.9 19.1 0 2 2 N/A
2 74.4 6.2 5 1 2 17.2
3 97.5 12.8 5 2 2 N/A
4 94.2 10.9 4 2 2 N/A
5 77.4 7.8 4 2 2 N/A
6 65.8 5.7 3 1 2 12.1
7 64.5 6.4 0 2 3 N/A
8 59.9 6.0 4 2 3 N/A
9 49.6 5.9 0 3 2 15.9
10 58.8 4.8 5 1 2 17.9
11 95.2 13.2 4 2 2 N/A
12 59.1 8.5 3 1 2 19.5
13 80.3 6.5 3 2 2 N/A
14 75.6 5.8 3 1 2 19.6
15 109.5 8.3 4 1 3 20.0
16 58.6 10.1 1 2 2 N/A
17 59.5 6.6 5 1 2 19.7
18 68.9 9.5 3 1 2 24.8
19 70.5 8.1 5 2 3 N/A
20 86.4 10.8 3 2 2 N/A
21 53.5 9.7 4 2 2 N/A
22 71.6 10.2 3 1 2 11.4
23 51.1 5.8 4 2 3 N/A
24 47.3 7.1 4 2 3 N/A
25 74.2 9.4 1 2 2 N/A
26 49.6 9.0 3 1 3 25.0
27 59.7 10.3 5 2 3 N/A
28 56.4 11.1 0 1 3 23.8
29 55.1 10.4 1 1 2 12.3
30 36.1 9.2 0 2 3 N/A
March 1 71.5 17.6 2 1 2 13.4
2 54.6 4.3 4 2 2 N/A
3 64.6 7.0 2 1 3 18.7
4 40.2 8.7 0 2 3 N/A
5 70.1 13.4 3 1 2 16.6
6 53.2 14.5 1 2 2 N/A
7 65.2 13.2 0 1 3 20.9
8 43.1 5.2 3 2 2 N/A
9 52.7 6.1 3 2 2 N/A
10 48.3 15.4 1 2 2 N/A
11 51.7 6.7 5 2 2 N/A
12 59.0 9.1 4 2 3 N/A
13 73.2 16.1 3 1 2 13.4
14 44.5 11.2 1 2 2 N/A
15 54.7 16.4 0 2 2 N/A  
101 
 
Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
March 16 51.2 12.4 2 2 3 N/A
17 74.3 6.5 4 2 2 N/A
18 56.2 4.6 5 2 2 N/A
19 55.2 5.6 3 1 3 18.5
20 62.3 6.5 5 2 1 N/A
21 54.9 9.9 2 2 2 N/A
22 59.3 5.1 5 2 2 N/A
23 75.9 9.7 4 1 3 17.0
24 74.8 10.2 1 1 3 15.6
25 55.4 14.6 2 2 1 N/A
26 56.8 6.8 3 1 2 10.4
27 51.3 18.7 0 2 2 N/A
28 68.0 10.9 2 2 2 N/A
29 66.8 5.3 5 1 3 17.7
30 59.4 12.4 0 1 3 21.1
April 1 56.4 13.1 1 2 3 N/A
2 67.3 20.5 0 2 3 N/A
3 51.0 17.8 0 2 2 N/A
4 59.5 12.2 3 1 2 21.9
5 51.7 7.9 3 2 3 N/A
6 63.7 10.8 5 1 2 18.5
7 65.4 13.3 5 2 2 N/A
8 61.6 18.6 0 1 2 15.9
9 52.0 14.7 1 1 2 16.2
10 90.9 19.3 3 2 2 N/A
11 59.2 25.7 0 2 2 N/A
12 52.0 6.5 4 2 2 N/A
13 64.3 7.1 1 2 2 N/A
14 63.4 10.2 5 2 3 N/A
15 56.4 16.7 2 1 3 18.0
16 48.9 24.2 1 2 2 N/A
17 71.3 12.6 4 2 3 N/A
18 58.2 19.4 4 1 2 23.2
19 43.5 13.1 0 2 2 N/A
20 64.0 7.3 1 3 3 16.9
21 61.8 12.9 2 2 2 N/A
22 71.5 33.8 1 1 2 17.6
23 53.7 5.8 5 2 2 N/A
24 47.2 6.7 3 2 3 N/A
25 63.7 11.4 1 2 3 N/A
26 67.9 12.0 3 2 2 N/A
27 65.2 18.2 1 2 3 N/A
28 51.0 15.0 5 2 3 N/A
29 86.3 10.2 1 2 2 N/A
30 66.5 15.8 0 2 3 N/A  
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Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
May 1 48.0 32.8 0 1 3 17.7
2 47.2 18.1 0 1 3 22.4
3 41.0 16.0 1 1 3 24.0
4 47.2 N/A N/A N/A N/A N/A
5 38.7 21.2 0 1 3 17.5
6 36.5 17.7 0 2 2 N/A
7 57.9 34.3 0 2 2 N/A
8 49.8 11.8 0 1 2 20.4
9 50.7 13.7 0 1 2 25.0
10 39.7 16.5 3 2 3 N/A
11 33.0 26.2 3 1 2 22.6
12 37.7 33.9 0 1 3 21.8
13 45.7 12.9 1 1 3 20.8
14 36.0 52.9 0 1 2 18.4
15 56.6 31.8 0 1 3 17.8
16 66.9 11.0 1 2 2 N/A
17 40.9 16.7 3 2 3 N/A
18 48.3 13.7 2 2 2 N/A
19 51.0 34.0 0 2 3 N/A
20 42.1 34.1 0 2 2 N/A
21 39.9 29.3 0 2 3 N/A
22 34.7 13.9 3 2 3 N/A
23 38.2 60.0 0 2 3 N/A
24 58.6 20.8 0 2 2 N/A
25 35.0 71.4 0 2 2 N/A
26 38.3 32.1 0 1 3 20.3
27 49.1 33.3 0 2 3 N/A
28 45.0 26.9 0 1 2 17.1
29 50.6 6.3 0 2 2 N/A
30 33.0 39.3 0 1 3 18.4
June 1 47.3 41.5 0 2 5 N/A
2 70.8 7.8 0 2 3 N/A
3 46.1 16.5 0 1 2 12.4
4 49.0 27.1 0 2 4 N/A
5 46.1 25.4 0 1 4 17.1
6 47.0 29.6 0 1 4 14.8
7 51.4 10.2 5 2 4 N/A
8 75.2 11.9 5 2 3 N/A
9 58.8 17.2 4 1 4 17.7
10 43.6 8.8 0 1 2 16.3
11 48.4 11.9 0 2 5 N/A
12 47.2 9.0 5 1 2 9.7
13 54.3 32.3 0 1 2 9.5
14 68.7 19.6 0 1 2 13.8
15 50.5 25.9 0 1 2 16.2  
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Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
June 16 45.2 11.0 2 2 3 N/A
17 40.6 15.6 0 2 2 N/A
18 41.4 25.1 1 2 2 N/A
19 38.7 24.1 0 1 2 12.4
20 39.5 17.1 5 1 2 12.9
21 51.2 17.7 0 1 5 7.1
22 37.4 28.4 0 1 2 7.8
23 38.2 24.9 0 2 4 N/A
24 41.6 29.0 0 2 4 N/A
25 44.7 22.5 5 2 3 N/A
26 44.4 11.4 1 1 2 15.6
27 35.6 40.3 0 1 2 9.4
28 36.9 14.1 0 1 2 7.8
29 42.9 11.6 1 2 2 N/A
30 36.6 10.0 0 1 2 9.4
July 1 50.0 23.6 0 1 4 16.6
2 39.0 11.3 3 2 2 N/A
3 48.0 15.4 0 2 3 N/A
4 71.0 12.0 0 1 3 15.1
5 53.0 3.2 5 0 5 N/A
6 54.0 5.6 4 0 5 N/A
7 35.0 7.8 4 2 2 N/A
8 56.0 4.7 5 2 3 N/A
9 73.0 6.7 3 1 4 14.5
10 43.0 6.9 5 2 3 N/A
11 60.0 17.6 1 1 3 16.0
12 46.0 6.7 5 2 3 N/A
13 42.0 32.7 0 2 2 N/A
14 44.0 22.1 1 2 2 N/A
15 37.0 45.1 0 2 2 N/A
16 45.0 7.8 4 2 3 N/A
17 54.0 16.5 0 1 3 16.2
18 48.0 12.2 2 1 3 14.3
19 62.0 19.3 0 1 3 13.2
20 43.0 14.0 1 2 4 N/A
21 63.0 21.0 0 1 3 12.7
22 51.0 18.7 0 1 3 15.9
23 35.0 15.8 0 2 3 N/A
24 49.0 11.6 2 2 4 N/A
25 59.0 14.7 0 2 3 N/A
26 65.0 12.8 0 1 4 13.1
27 41.0 10.4 1 2 4 N/A
28 49.0 14.6 2 2 4 N/A
29 67.0 27.6 2 2 2 N/A
30 42.0 13.2 0 2 3 N/A  
 
 
104 
 
Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
August 1 87.0 6.1 4 1 3 16.5
2 55.2 19.0 0 1 3 20.3
3 91.4 16.3 0 1 4 14.9
4 47.9 25.1 1 2 4 N/A
5 59.6 4.6 1 2 3 N/A
6 55.0 5.5 0 1 5 7.4
7 58.7 6.3 0 2 2 N/A
8 45.7 22.1 0 2 2 N/A
9 66.5 24.5 0 2 3 N/A
10 54.5 9.2 0 1 4 13.9
11 58.3 5.0 5 1 4 15.9
12 70.1 13.2 0 2 5 N/A
13 60.6 18.4 0 1 4 10.9
14 78.4 7.4 0 2 2 N/A
15 85.5 21.1 1 2 3 N/A
16 51.3 20.9 1 1 3 13.5
17 44.5 23.6 1 2 3 N/A
18 71.2 15.4 1 1 5 4.3
19 55.5 18.6 0 2 2 N/A
20 74.3 10.2 1 2 4 N/A
21 86.5 5.2 1 1 4 14.0
22 50.3 8.5 0 1 5 9.7
23 46.0 28.7 0 1 4 7.6
24 65.6 35.6 0 2 2 N/A
25 51.0 18.8 1 1 3 21.0
26 46.5 4.0 5 2 4 N/A
27 49.2 5.2 0 2 3 N/A
28 40.4 4.8 5 2 4 N/A
29 49.4 9.3 0 2 4 N/A
30 41.0 13.6 5 2 3 N/A
September 1 64.9 12.4 0 1 3 16.7
2 62.0 7.0 1 1 3 13.3
3 55.0 8.9 2 2 3 N/A
4 43.3 12.1 1 2 3 N/A
5 60.6 6.8 1 1 2 11.3
6 75.7 14.5 0 0 5 N/A
7 51.2 15.6 0 1 3 15.6
8 46.3 6.4 5 2 4 N/A
9 40.6 6.6 5 2 4 N/A
10 50.7 9.7 1 0 5 N/A
11 52.2 6.6 1 2 4 N/A
12 45.7 19.7 0 2 2 N/A
13 68.2 9.1 1 2 3 N/A
14 71.3 9.7 1 1 3 17.9
15 55.7 8.9 1 1 2 14.3  
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Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
September 16 51.6 5.4 2 2 4 N/A
17 67.1 7.3 2 1 4 18.0
18 41.1 5.6 5 2 3 N/A
19 67.8 16.1 0 1 2 13.1
20 73.2 4.6 1 1 4 16.5
21 58.0 18.1 2 2 2 N/A
22 53.3 14.5 0 1 3 18.7
23 53.5 16.1 0 1 3 16.3
24 46.8 13.4 0 2 3 N/A
25 56.6 7.9 1 1 3 14.5
26 75.8 12.3 2 1 2 10.3
27 52.7 5.0 1 0 5 N/A
28 49.1 11.2 1 2 3 N/A
29 57.2 13.7 0 2 3 N/A
30 72.5 13.1 1 0 5 15.1
October 1 60.1 15.7 0 1 4 33.4
2 54.8 16.0 0 1 4 24.7
3 68.3 12.6 0 0 5 N/A
4 60.4 13.2 0 1 2 22.3
5 67.0 8.5 1 1 3 19.9
6 51.3 13.4 1 1 3 19.4
7 69.9 13.6 0 1 4 28.8
8 62.2 10.9 0 1 3 20.5
9 57.4 9.9 1 0 5 N/A
10 56.8 15.5 0 0 5 N/A
11 63.2 8.0 0 2 3 N/A
12 49.1 5.4 2 0 5 N/A
13 64.6 9.5 1 1 4 25.0
14 62.5 12.8 0 0 5 N/A
15 55.3 11.7 0 1 3 19.9
16 67.6 9.7 0 1 4 33.6
17 66.1 19.3 0 1 2 19.9
18 44.4 14.5 0 2 4 N/A
19 58.6 12.0 0 1 3 29.5
20 41.1 9.8 1 2 3 N/A
21 62.8 16.1 0 1 4 27.0
22 53.7 17.7 0 0 5 N/A
23 46.0 12.1 0 1 3 28.3
24 65.5 15.3 0 1 4 31.2
25 68.6 10.6 0 1 3 36.8
26 47.7 8.7 1 2 4 N/A
27 37.5 18.6 0 2 4 N/A
28 65.7 14.2 1 1 3 29.5
29 39.6 11.2 1 2 4 N/A
30 38.2 16.5 0 0 5 N/A  
 
 
106 
 
Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
November 1 62.5 6.7 0 2 3 N/A
2 78.0 11.7 0 2 5 N/A
3 79.4 15.5 0 0 5 N/A
4 70.7 7.6 0 1 3 29.2
5 94.1 11.6 0 0 5 N/A
6 69.5 15.4 0 0 5 N/A
7 59.6 13.4 0 2 5 N/A
8 75.7 18.0 0 3 4 34.8
9 60.1 17.3 0 2 5 N/A
10 53.7 19.8 0 2 5 N/A
11 52.1 13.7 0 1 4 26.0
12 98.6 5.6 0 1 3 32.4
13 64.3 7.8 1 2 2 N/A
14 51.1 12.3 1 1 2 29.0
15 57.2 14.8 0 2 2 N/A
16 57.3 15.5 0 1 4 37.5
17 59.7 12.5 0 1 3 24.5
18 74.6 12.8 0 2 2 N/A
19 54.5 17.7 0 2 2 N/A
20 57.1 10.6 0 1 3 41.1
21 52.6 11.2 0 2 2 N/A
22 51.3 8.9 0 2 3 N/A
23 58.2 18.7 0 2 2 N/A
24 54.4 13.2 0 2 3 N/A
25 56.1 21.0 0 1 5 22.4
26 53.0 35.0 0 1 5 22.0
27 58.1 9.6 1 1 5 19.1
28 48.3 16.6 0 2 5 N/A
29 45.7 19.5 0 1 5 14.2
30 52.5 21.1 0 1 5 21.6
December 1 71.7 22.1 0 1 4 16.5
2 69.0 17.8 1 2 5 N/A
3 67.6 12.2 1 1 4 17.9
4 51.1 11.2 2 2 4 N/A
5 75.4 13.2 1 1 4 15.4
6 70.3 19.0 0 1 4 28.3
7 57.2 34.0 0 0 5 N/A
8 53.2 15.4 0 1 4 23.6
9 67.1 16.5 1 1 5 17.4
10 73.3 17.6 0 1 5 11.2
11 52.6 16.5 1 0 5 N/A
12 65.2 21.3 0 0 5 N/A
13 76.6 24.0 1 1 1 9.8
14 56.7 17.8 1 2 1 N/A
15 55.5 24.3 0 2 4 N/A  
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Appendix B5. Continued. 
Month Sample #
Shell 
Height
CI DI Sex Rep. Phase Mean ED
December 16 59.3 20.1 1 1 1 12.7
17 71.9 29.2 0 0 5 N/A
18 74.7 24.3 0 1 1 13.2
19 65.2 16.5 0 2 4 N/A
20 51.4 26.0 0 0 5 N/A
21 61.0 25.8 0 1 1 16.4
22 58.5 15.4 1 0 5 N/A
23 62.8 13.4 0 0 5 N/A
24 43,2 19.8 0 2 4 N/A
25 65.5 17.7 1 1 4 20.1
26 56.8 17.6 0 0 5 N/A
27 40.6 22.0 1 0 5 N/A
28 61,4 18.9 0 0 5 N/A
29 41.0 25.4 0 2 1 N/A
30 45.5 28.1 0 0 5 N/A
January 1 68.5 40.3 0 2 1 N/A
2 70.7 7.2 1 2 1 N/A
3 81.6 10.1 1 1 2 23.1
4 61.7 31.0 3 1 1 17.7
5 56.8 36.1 1 2 1 N/A
6 48.2 41.8 1 2 1 N/A
7 54.1 10.6 0 2 2 N/A
8 56.5 8.1 0 2 1 N/A
9 69.9 23.3 1 1 2 23.4
10 57.8 18.4 0 2 2 N/A
11 73.5 14.1 1 1 1 15.5
12 72.4 6.1 0 1 2 18.7
13 49.5 13.9 1 2 2 N/A
14 73.3 9.9 0 1 2 17.5
15 55.6 34.3 2 0 5 N/A
16 51.7 8.7 1 2 1 N/A
17 49.1 23.1 0 0 5 N/A
18 91.0 7.4 1 1 1 18.2
19 58.2 34.3 2 2 2 N/A
20 69.1 22.8 0 2 1 N/A
21 62.1 19.2 0 0 5 N/A
22 49.6 17.5 0 0 5 N/A
23 57.0 12.8 3 0 5 N/A
24 62.5 18.6 0 0 5 N/A
25 61.6 10.4 1 2 2 N/A
26 48.3 19.0 2 2 1 N/A
27 39.9 9.1 0 2 1 N/A
28 60.7 36.8 0 0 5 N/A
29 61.3 17.3 2 2 2 N/A
30 60.2 16.8 1 1 1 16.9  
